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SUMMARY
mRNA was t r a n s c r i b e d  m v i t r o  by the  endogenous RNA 
t r a n s c r i p t a s e  o f  c a l f  r o t a v i r u s .  T h i s  mRNA had a mean 
se d im e n ta t io n  c o e f f i c i e n t  o f  12S, and h y b r i d i s e d  to  genomic 
doub le  s t r a n d e d  RNA. R o t a v i r u s  mRNA appeared  no t to  be 
p o l y a d e n y l a t e d  as l e s s  than 1% o f  i t  was r e t a in e d  by o l i g o  
dT c e l l u l o s e .  Methyl groups from S-adenosy l m e th io n in e  were
in c o rp o ra te d  in t h i s  system  in t o  RNA w h ich  co-sed im ented  w ith  
32
P - la b e l led  mRNA on sucrose g ra d ie n ts ,  and the methyl groups 
were shown to be present in the form of an a 1ka 1 i - r e s i s t a n t  
cap which co-migrated w ith  the re o v i ru s  5 ' cap on DEAE 
c e l lu l o s e  w ith  a net nega t ive  charge of -5  to -6 .
In v i t r o  t r a n s la t io n  of the in v i t r o  t r a n s c r ip t io n  products 
gave 12 po lyp ep t id es ,  11 of which had the same m o b i l i t y  on PAGE 
as v i r u s - s p e c i f i c  po lypep t ides  seen in in fec ted  c e l l s  t rea ted  
w ith  tunlcamycin ( l . e .  in which g ly c o s y la t io n  was in h ib i t e d ) .
These were VP1, VP2, VP3, VP4, VP5, VP6 , VP8 , VP9, vpr7, VP 11 
and VP12. The VP2, VP3, VP5, VP6 , VP8 , VP9 and VP12 from J n  
v i t r o  t r a n s la t io n  and from in fec ted  c e l l s  were compared by peptide  
mapping and were shown to  be the same p ro te in s .  Two o f  the p r i ­
mary gene products ( VP 12 and vpr7) become g ly c o s y la te d  in in fec ted  
c e l l s  to VP 10 and VP7 r e s p e c t i v e l y ,  and these a re  c leaved  to VPIOc, 
VP7.1 and VP7.2. V irus  s t ru c tu ra l  p ro te in s  which a re  a lso  seen in
( v l l )
in fe c te d  c e l l s  are  VP1, VP2, VP6 , VP7 .1 , VP7.2 and VPIOc. V i ru s  
p a r t i c l e s  a ls o  have po lypeptides VP3*, VP1**, VP1* . 2, VP5* and VP1*. 3 
which a re  not found in in fec ted  c e l l s ,  and a re  a l l  produced during 
t r y p s in  a c t i v a t io n  of v i ru s  pa r t  i c 1 es. VP1*. 2 and VP1* .3 a re  produced 
by c le a vag e  of VP3 by t r y p s in ,  and VP3*, VP1** and VP5* a re  produced 
by c leavag e  of some of VP2. Thus, o n ly  three  pr im ary gene products 
(VP1, VP2 and VP6) a re  seen in v i r u s  p a r t i c l e s  w h i le  the o ther 
e ig h t  s t ru c tu ra l  p ro te in s  (VP3*, VP1** ,  VP1* .2, VP5*, VP7.1, VP7.2, 
VPIOc and VP1* .3) a re  the r e s u l t  o f p o s t- t r a n s la t io n a l  m o d if ic a t io n  
of p r im ary  gene products.
Immune p r e c ip i t a t io n  o f  p o lyp ep t id e s  from in fe c te d  c e l l s  
re vea led  that VP2, VP3*,1**, VP6 , VP7/7.1 and VP8 were e f f i c i e n t l y  
p r e c ip i t a t e d ,  VP10/10c were i n e f f i c i e n t l y  p r e c ip i t a t e d ,  and VP1 
and VP12 were not p re c ip i t a te d  by a n t i - c a l f  r o t a v i r u s  serum.
Immune p r e c ip i t a t i o n  using he tero logous a n t is e r a  led us to 
conclude that VP2, VP6 and VP8 a re  g ro u p - s p e c i f ic  a n t ig e n s ,  and 
VP3, VP1* .2 and VP 7/7.1 behave as type-spec i f  ic a n t ig e n s .
M onospec if ic  po lyc lona l a n t is e r a  were ra ise d  in guinea- 
p igs a g a in s t  the p u r i f i e d  c a l f  r o t a v i r u s  po lypep t ides  
VP1, VP2, V P3 * ,1**, VP1* . 2, VP6 , VP7.1, VP7.2 and VP10.
A l l  of the a n t is e r a  gave a s im i l a r  p a t te rn  o f  cy top lasm ic  
immunofluorescence in ro t a v i r u s - in fe c t e d  c e l l s ,  
and spots o f  f luo rescence  of vary ing  in t e n s i t y  w ith  
d i f f e r e n t  a n t is e r a  were a ls o  seen over the  nuc leus .
Immune p r e c ip i t a t io n  showed that VP2 was p r e c ip i t a t e d
( v i l i )
by antiserum to VP2 (a-VP2) and aVP3*, <**. and VP6 by aVP6, 
aVP7.1 and aVP7.2 both p r e c ip i t a t e d  the same range of 
p ro te ins  from in fe c te d  c e l l s  (VP7, VP7.1 and VP7.2) or 
from v i r i o n s  (VP7.1 and VP7.2 ) VP10, e i t h e r  from v i r i o n s  
o r  in fec ted  c e l l s ,  was not p r e c ip i t a t e d  by aVP IO . The 
on ly  antiserum  which e f f i c i e n t l y  n e u t r a l i z e d  i n f e c t i v i t y  
was aVP7.2. There were low l e v e l s  of n e u t r a l i z a t io n  with 
aVPIO (but the r e s u l t s  v a r ie d  from experiment to 
exper im ent) ,  and t r a c e  l e v e l s  w ith  aVP6. N e u t r a l i z a t io n  
by aVP7.2 and aVPIO was enhanced by complement. aVPIO 
and aVP6 both appeared to  b lock  n e u t r a l i z a t io n  by aVP7.2. aVP7. 
and the o ther a n t is e r a  d id not n e u t r a l i z e  even though 
aVP7.1 ag g lu t in a ted  double sh e l l e d  p a r t i c l e s  as seen in 
immune e le c t ro n  microscopy to  a g re a te r  ex ten t  than 
aVP7 .2 . Both VP7.1 and VP7.2 were shown to be g ly c o ­
p ro te in s  by tunicamycin treatm ent o f  in fe c te d  c e l l s .
Core pa r t i c l e s  on ly  were a g g lu t in a te d  by aVP IO . A l l  the 
ev idence  leads to conclude that there  a re  major 
n e u t r a l i z in g  a n t ig e n ic  de term inants  present on VP7.2, 
a minor component o f the  ou te r  sh e l l  of the v i r i o n .
( i x )
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CHAPTER 1
INTRODUCTION
Bishop e t a l . a n d  FI ewe11 e_t a_l_. ident i f  ied the ro ta v iru se s  
as agents o f  human i n f a n t i l e  g a s t r o e n t e r i t i s  in 1973. A l l  the 
p re v io u s ly  i d e n t i f i e d  v iru s e s  of the re o v i ru s  fam ily  had been 
thought of as 'o rphan ' v i ru s e s  as they were r e l a t i v e l y  non­
pathogen ic in humans. P re l im in a ry  surveys have s in ce  shown 
ro ta v i ru se s  to be the most important pathogen in g a s t r o e n t e r i t i s  
of younger c h i ld r e n  (Kapik ian e_t aj_. , 1980), and th i s  d isease  is 
one o f  the lead ing  causes of s ickness and ch ildhood m o r ta l i t y  in 
developing c o u n t r ie s ,  as i t  is estim ated to cause 5-18 m i l l io n  
deaths a n n u a l ly  (Kap i k ian e_t £j_. , 1980). The ro ta v i ru se s  a re  
a ls o  prominent in g a s t r o in t e s t in a l  d iseases  o f  young farm an im als  
(F le w e t t  and Woode, 1978; McNulty, 1978; Woode 1979), so t h i s  new 
group poses a p rob1em of both economic and medical importance.
The re o v iru se s  have a lways been the su b je c t  o f  much in t e r e s t  
because of t h e i r  many unusual b io lo g ic a l  p ro p e r t ie s  such as t h e i r  
double p ro te in  caps id  s t ru c tu re ,  ds RNA genome and c o n s e rv a t iv e  
method of r e p l i c a t i o n .  A lso ,  because o f  t h e i r  ease o f  c u l t i v a t i o n ,  
r e l a t i v e  s im p l i c i t y  and t h e i r  a b i l i t y  to t r a n s c r ib e  enormous 
q u a n t i t ie s  o f  mRNA, they have been found to  be a usefu l model fo r  
many aspects  o f  e u ca ryo t ic  c e l l  b io lo g y .  The wealth  of inform­
a t io n  a v a i l a b l e  about reo v iru s  has been o f  enormous importance 
in ro ta v i ru s  re sea rch .  This chapter rev iews the cu rren t  
knowledge about ro ta v i ru se s  w ith  p a r t i c u l a r  re fe rence  to r e o v i ru s ,
1
the p ro to type  o f  the f a m i l y ,  which has been a model fo r  the 
study o f  ro t a v i r u s e s  and which has provided much o f  the 
inform ation  and methodology o f  ro t a v i r u s  m olecu lar b io lo g y .
2
.1 The R e o v i r u s  F a m i ly  - H i s t o r y  and C l a s s i f i c a t i o n
Reoviruses were f i r s t  d iscovered  in the e a r ly  1950's 
during in tense  research in to  e n t e r i c  v i ru s e s  in an attempt 
to study acu te  p o l io m y e l i t i s  and to develop p o l io v i r u s  
v a c c in e s .  New v i ru s e s  were is o la te d  from the human 
a l im en ta ry  t r a c t  and were termed ECHO ( e n t e r i c  c y to p a th ic  
human orphan) v i ru s e s .  Most o f  these were id e n t i f i e d  as 
e n te ro v i ru s e s  belonging to what was l a t e r  known as the 
P ic o rn a v i ru s  f a m i l y ,  but one o f  the ECHO groups known as 
ECHO 10, whr. (were la rg e r  than o th e r  ECHO v i r u s e s ,  were 
subsequently c l a s s i f i e d  as re o v iru s  sero types 1, 2 and 3 
( Ramos-AI va rez and Sab in ,  195*0. Fu rthe r  i s o la t e s  were 
de r ived  from macaca monkeys (Rosen, I960) and a human i s o la t e  
in the b ra in s  of suck l ing  mice ( S t a n le y ,  1961). S in ce  then, 
hundreds o f  i s o la te s  have been found w ith  morphological 
s i m i l a r i t i e s  from re s p i r a to r y  o r  a l im en ta ry  t r a c t s ,  but not 
a sso c ia ted  w ith  any p a r t i c u l a r  d isease  - hence the acronym 
(REO = re s p ir a to r y  e n t e r i c  o rphan ) .
The d isco very  o f  dsRNA in reo v iru ses  (Gomatos e t  a I . ,  
1962; Gomatos and Tamm, 1963) subsequently p rov ided the 
st rongest  d i s t in g u is h in g  c h a r a c t e r i s t i c  of the f a m i l y ,  and 
a l l  r e o v i ru s - I ik e  i s o la te s  w ith  dsRNA were found to have 
segmented genomes. The reo v iru s  fam ily  belong to  c la s s  I I I  
o f  the Ba lt im ore  c l a s s i f i c a t i o n  scheme o u t l in e d  in F ig.1  
(B a l t im o re ,  1971), and reov iru ses  were the source of the 
f i r s t  dsRNA to be found In n a tu re .  The ir  'c o n s e r v a t i v e '
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F | G. 1 THE BALTIMORE C LA SS IF IC A T IO N  SCHEME FOR V IRUSES
(Ba i t im ore , 1971)
CLASS I I
+ DNA
! + MRNA
+ RNA
CLASS IV
- RNA
NOTE: Autonomous pa rvov iruses  have DNA
method o f  molfiplicut ion ( i . e .  mRNA is  t r a n s c r i b e d  o n ly  from a 
s i n g l e  s t ra n d  o f  the  genome) was a n o th e r  unusual g e n e t i c  
f e a t u r e  o f  t h i s  un ique  group o f  v i r u s e s .
J o k l i k  (197*0 de f in ed  two c r i t e r i a  necessary  fo r  
c l a s s i f i c a t i o n  o f  new i s o l a t e s  in to  the reo v iru s  f a m i l y .  
F i r s t l y ,  the v i ru s e s  must possess q u a s is p h e r ic a 1 caps ids  
60-80 nm in diameter and d i s p la y  Icosahedra l symmetry, and 
second ly  t h e i r  genomes should c o n s is t  o f  10-12 m olecu les of 
double stranded RNA w ith  a combined m olecu la r  weight of 
about 15 x 10  ^ d a l to n s .
V iru ses  in t h i s  f a m i ly  have been found which in fe c t  
p lan ts^  arthropods and v e r t e b r a t e s .  These have now been 
d iv id ed  in to  f i v e  named genera - by the In te rn a t io n a l  
Committee on Taxonomy of V i ru s e s  in 1978 - these a re  
r e o v i ru s ,  o r b i v i r u s ,  r o t a v i r u s ,  ph y to reov irus  and f i j i v i r u s .  
Cytop lasm ic po lyhedros is  v i r u s  a l s o  belongs in the same fam ily  
but has not been assigned a genus name. F i g . 2 o u t l in e s  the 
p ro p e r t ie s  and d i v i s io n s  o f  the reo v iru s  fam i1y , descr ibed  below
1. The reo v iru s  genus co n ta in s  th ree  mammalian sero types 
and 5 a v ian  se ro types . These v i ru s e s  in fe c t  t h e i r  
host d i r e c t l y  w ithou t a v e c to r .
2. The o rb lv i ru s e s  have a v e r te b ra te  host as w e l l  as 
an insect v e c to r .  This is  probably the la rg e s t  
genus in the reo v iru s  f a m i ly  w ith  10 groups, many
¡4
F I G . 2 OUTLINE OF THE REOVIRUS FAMILY
(Reproduced from S t a n le y ,  1981) 
PROPERTIES OF WELL DEFINED MEMBERS
POLYHEDROSIS
V IRUSES.
KEMEROVO (20)
WARREGO (2)
WALLAL (2)
EQUINE ENCEPHALOSIS (5) 
UNGROUPED (5)
LAMBS
RABBITS
DEER
2. (C o n t 'd . )
o f  wh ich  have s e v e r a l  s e r o t y p e s .  Many o f  the 
o r b i v i r u s e s  a re  s t i l l  ungrouped.
3. The ro ta v i ru se s  In fe c t  many mammals and b i rd s  w ithout 
a v e c to r .  The number of serotypes has not been 
e s ta b l is h e d  but there  is  a t  le a s t  one serotype fo r  
each animal host and th ree  sero types of human 
ro ta v i r u s e s  have been id e n t i f i e d .  There a re  probably 
a t  le a s t  two sub-groups of r o t a v i r u s ,  s ince  v i ru s e s  
which resemble ro ta v i ru s e s  m orpho log ica l ly  and have a 
r o t a v l r u s - l lk e  RNA pa tte rn  but a re  s e r o lo g ic a l l y  
d i s t i n c t  ( l . e .  they la ck  the ro ta v i r u s  group a n t lg e n (s ) )  
have re c e n t ly  been Is o la te d  (see se c t io n  1 .2 .6 ) .
*t. Phytoreov i ruses In f e c t  p lan ts  v ia  In sec t  v e c to r s .
Severa l groups have been id e n t i f i e d .
5. F l j ¡ v i r u s  a ls o  In fe c t s  p lan ts  using an Insec t  v e c to r .  
Th is  genus d i f f e r s  from the ph yto reov lruses  in the 
s t ru c tu re  o f  t h e i r  p ro te in  sh e l l  ( f l j l v l r u s e s  have 
s p ik e s ) ,  the type o f  vec to r  and t h e i r  genome pa tte rn  
(10 segments in comparison to 12).
6. Cytop lasm ic po lyhedros ls  v i ru s e s ,  a lthough o b v io u s ly  
In the reo v lru s  f a m i l y ,  have not been grouped in to  any 
genus. These v i ru s e s  In fe c t  a t  le a s t  80 spec ies  o f
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6. ( Con t ' d . )
in sec t  but have no o th e r  host. T h is  group 
co n ta in s  seve ra l  s e r o lo g i c a l l y  d i s t i n c t  v i ru s e s .
The above genera have no s e ro lo g ic a l  r e la t i o n s h ip  w ith  each 
o th e r ,  and each genus a l s o  has a c h a r a c t e r i s t i c  RNA pa tte rn  
which has been found use fu l  in p re l im in a ry  c h a r a c t e r i s a t io n .  
I n i t i a l  c h a r a c t e r i s a t io n ,  however, is  s t i l l  based on morphology 
and s t ru c tu re .  Table  I i l l u s t r a t e s  some o f  the common fe a tu re s  
and d i f fe re n c e s  in the s t ru c tu re  of r o t a v i r u s e s ,  re o v iru s  and 
o r b iv i  ruses.
The mammalian re o v iru se s  a re  c h a r a c t e r i s t i c a l l y  non- 
pathogenic a lthough re o v i ru s  sero types 1 and 3 cause a v a r ie t y  
of symptoms in newborn rodents (Wal te r s  jet aj_. , 1963; 1965; 
S tan le y  and W a l te r s ,  1966) which a re  d iscussed in Sec t io n  1 .3 .9 . 
The p lan t  reo v iru ses  a re  pathogen ic , causing g a l l s  ( f i j i  d isease  
v i r u s ) ,  s tunting  ( r i c e  dwarf v i r u s ) ,  dwarfing (maize rough dwarf 
v i r u s )  and tumours (wound tumour v i  rus), ( Jo k l  ik ,  197A) , and 
o rb iv i r u s e s  a ls o  cause a v a r i e t y  o f  q u i te  severe  d iseases  in 
mammals - bluetongue v i r u s  causes cyanos is  o f  the  mouth and 
fe ve r  In sheep, and p o ss ib le  oedema o f  head and neck , A f r ic a n  
Horse S ickness v i r u s  causes fe ve r  and pulmonary oedema in 
horses and Colorado T ick  fe v e r  causes m ild f e b r i l e  I l l n e s s  
in man (S ta n le y ,  1981). The ro ta v i ru se s  a re  cons idered  to be 
the most se r ious  pathogens as they cause acu te  g a s t r o e n t e r i t i s  
in an imals and humans ve ry  r e a d i l y ,  a re  a s so c ia te d  w ith  up to
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18 m i l l ! o n  dea ths o f  ch i 1dren a 1 one per y e a r  [ Kap i k¡an e t  a 1. 
(198 0 ) ] ,  and can cause up to 80% m o r t a l i t y  in farm an im als . 
The next sec t ion  d e sc r ib e s  the r o ta v i r u s e s  and t h e i r  
a s so c ia ted  c l i n i c a l  f e a tu re s .

1.2 The R o t a v i r u s e s
1.2.1 D iscovery  and p re l im in a r y  c h a r a c t e r i s a t io n
V i r o lo g i s t s  had long suspected tha t  most outbreaks 
o f  g a s t r o e n t e r i t i s  were caused by v i r u s e s ,  s ince  
in fe c t io n s  a t t r i b u t a b le  to Sa 1mone11 a sp p . ,  S h ig e l la  spp. 
and Esche r i ch ia c o l i  comprised o n ly  a small percentage 
o f  the to ta l  number o f  a cu te  c a se s .  However, 
demonstration o f  these v i ru s e s  proved d i f f i c u l t  u n t i l  
development o f  the use o f  s p e c i f i c  pathogen f re e  animals 
fo r  experimental purposes and o f  d i r e c t  e le c t r o n  
microscopy o f  crude samples. The former overcame problems, 
de r ived  from o th e r  causes o f  d ia r rh o e a ,  f requen t 
spontaneous d ia rrhoea  in co n tro l  an im als  and from prev ious 
immunity of the an im a ls ,  which had confused the s i t u a t io n .  
R o ta v i ru s e s ,  c o ro n a v i r u s e s , p a r v o v i ru se s ,  adenov iru ses ,  
a s t r o v i ru s e s  and c a l i c i - l i k e  v i ru s e s  have a l l  been shown 
to  be s i g n i f i c a n t l y  a s so c ia te d  w ith  g a s t r o e n t e r i t i s  in 
young and newborn an im als  (Woode, 1979). R o tav iruses  are  
important agents o f  g a s t r o e n t e r i t i s  in an im als  (Kurstak  
e£ a_l_. , 1981) and a re  the major cause o f  d ia rrho ea  in 
c h i ld re n  (DuPont et  ^ a j_ . , 1977; M idd le to n , 1977).
The f i r s t  ro ta v i ru s  is o la te d  from an im als  w ith  
g a s t r o e n t e r i t i s  was the e p iz o o t ic  d ia r rh o ea  of in fan t 
mice (EDIM) v i r u s .  This v i r u s  was 65“ 76 nm In d iam eter, 
was ve ry  In f e c t io u s ,  caused d ia rrhoea  in su ck l ing  mice
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1 .2 .1 .  ( C o n t 'd ) .
and was r e s i s t a n t  to heat and e ther ( K r a f t ,  1957; 1966; 
Adams and K r a f t ,  1963). I t  was a ls o  s t a b le  to storage 
and ac id  t rea tm en t,  contained RNA (Much and Z a ja c ,  1972) 
and was c u i t i v a t a b i e  in organ c u l tu re s  o f  in t e s t in a l  
e p ith e l iu m  but not in c e l l  c u l tu re  (R u b in s te in  e t  a 1 . , 
1971). E le c t ro n  microscopic  s tud ies  o f  s e c t io n s  of 
in fec ted  mouse gut by Adams and K r a f t  (1967) and 
B a n f ie ld  e_t_ aij_. (1968) found that the v i r u s  r e p l i c a t io n  
was l im ited  to c e l l s  a t  t ip s  and s ides  o f  v i l l i  w h i le  
c r y p t  c e l l s  were not in fe c te d .  The e p i t h e l i a l  brush 
border was normal in e a r ly  stages o f  i n f e c t io n  but l a t e r  
became sh o rt ,  th i c k  and i r r e g u la r ;  and in fe c te d  c e l l s  
were shed in to  the in t e s t in a l  lumen r e le a s in g  large  
numbers o f v i ru s  p a r t i c l e s .  The v i ru s  r e p l i c a t i o n  s i t e s  
were e n t i r e l y  c y top lasm ic ,  g e n e ra l l y  in a re a s  of 
'v i ro p lasm ' and in c is te rn a e o f  rough endoplasmic 
re t icu lum  (see Sec t io n  1 .3 .8 ) .  Many o f  the  v i ru s  
p a r t i c le s  were surrounded by membrane and e longated and 
tu b u la r  forms o f  the v i ru s  were a ls o  found ( B a n f ie ld  e£ 
a_1_. ,1968). The patte rn  of m u l t ip l i c a t io n  observed was 
most s im i la r  to tha t  of the reo v iru ses .
The simian ro ta v iru s  (SA-11) and the ‘ O' agent were 
iso la ted  from a v e rve t  monkey and from pooled in t e s t in a l  
washings of c a t t l e  and sheep r e s p e c t i v e ly  and were 
c u i t i v a t a b ie  In primary ve rve t  monkey k idn ey  c e l l s
- 9 -
1 .2 .1 .  ( C o n t ' d ) .
(Malherbe and S t r ¡ c k 1and-Cholmley, 1967). The v iru s e s
were m o rp h o lo g ica l ly  id e n t ic a l  and thought to resemble
•
o r b iv i r u s e s  w ith  a sh a rp ly  de f ined  ou te r  caps id  
surrounding an inner c a p s id ,  and the v i ru s  was f req u en t ly  
enve loped . Both were pHk s t a b le ,  and SA-11 was a lso  
r e s i s t a n t  to  e th e r  and ch lo ro form  (Leca t s a s ,  1972;
E ls  and L e c a t s a s ,  1972).
The rea l  in te re s t  in ro ta v i r u s e s  began when Mebus 
et  ^ £j_. (1969) succeeded in t ra n s m it t in g  g a s t r o e n t e r i t i s  
to g n o to b io t ic  c a lv e s  by in o cu la t in g  them intraduodena11y 
w ith  b a c t e r i a l - f r e e  f i l t r a t e s  o f  faeces  from c a lv e s  w ith  
d ia r rh o e a ,  and la t e r  by feed ing  the c a lv e s  w ith  v i r u s .
The an im als  were found to  develop d ia rrh o ea  w ith in  
2l*-48 h o u rs ,  and large  numbers o f  65 nm v i r u s  p a r t i c l e s  
were found in the fae ces .  Faecal c e l l s  were s ta in ab le  
by immunofluorescence using antiserum  ra ised  in ra b b its  
from the p u r i f i e d  v i r u s .  R eo v i ru s- 1ike v i ru s e s  were 
is o la te d  and e v e n tu a l ly  adapted to t is su e  c u l t u r e ,  
a lthough t h i s  v i ru s  d id not grow r e a d i l y  l i k e  SA-11 
and requ ired  severa l passages in primary fo e ta l  bovine 
kidney c e l l s  (Mebus et_ a j_ . , 1971) .
The f i r s t  human ro t a v i r u s  was d iscovered  In 1973. 
Bishop e_t a_l_. (1973) c a r r i e d  out e le c t ro n  microscopy on
10
1.2 .1  ( C o n t ' d ) .
th in  sect ions of duodena) b io p s ie s  from young c h i ld re n  
w ith  acute  g a s t r o e n t e r i t i s .  These se c t io n s  showed d i la t e d  
cy to p la sm ic  v e s i c le s  co n ta in in g  la rge  numbers of v i ru s  
p a r t i c l e s ,  some of which appeared to  be budding in to  these 
v e s i c l e s  from a reas  of 'v i r o p la s m 1. Bishop e t a l . c a l l e d  
these  p a r t i c l e s  'o r b i v i r u s e s  1. F lew e t t  et a l . (1973) 
i d e n t i f i e d  r e o v i r u s - 1ike p a r t i c l e s  in stool suspensions 
o f  young c h i ld re n  using e le c t r o n  m icroscopy. The v iru ses  
had a double layered  caps id  and a w e l l  defined rim.
Because of t h e i r  w h ee l- l ik e  morphology, the name ' r o t a v i r u s '  
was devised and proposed by F le w e t t .  B i shop e t a I .(197*0 
confirm ed the presence o f  v i r u s  in fa e ca l  samples, and 
M iddleton et a 1. (197*0 found v i ru s e s  in duodenal b iops ies  
and faeces  o f  in fe c te d  c h i ld r e n  and showed tha t  in t e s t in a l  
c e l l s  could be s ta ined  by in d i r e c t  immunofluorescence 
w ith  a n t i - ro ta v i r u s  serum. The presence of ro ta v i ru s  
an t ib ody  was confirmed in the serum o f  a l l  but one normal 
a d u l t  v o lu n te e r ,  who was s u c c e s s fu l l y  in fec ted  in tra-  
duodena lly  w ith  a faeca l f i l t r a t e  and developed r o t a v i r a l  
in f e c t io n .  Kap ik ian  e t  a l . (197*0 demonstrated v i r u s - l ik e  
p a r t i c l e s  in faeces  and e le v a te d  an t ibody  le v e ls  during 
the d is e a se ,  and noted a morphological and a n t ig e n ic  
s i m i l a r i t y  between the human ro t a v i r u s  and the mouse and 
c a l f  i s o la t e s .  Human ro ta v i ru s e s  have now been assoc ia ted  
w ith  a la rge  proport ion  o f  cases o f  g a s t r o e n t e r i t i s  in 
young c h i ld r e n ,  the inc idence  being h ighes t  in ch i ld re n
-  11 -
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from 1-it yea rs  of age, and decreas ing  th e re a f t e r  (F lew ett  
and Woode, 1978). In le ss  developed c o u n t r ie s ,  the d isease  
is a severe  problem and thought to be respons ib le  fo r  high 
m o r t a l i t y ,  a lthough more in depth e t io l o g i c a l  s tud ies  are  
needed. (Kap ik ian  et_ a]_. , 1980; Greenberg e£ aj_. , 1981) .
R o ta v iru se s  have now been found in a wide v a r ie t y  of 
mammals and b i rd s  (McNulty, 1978; M cNulty , 1979). They 
a re  a i l  m orpho log ica l ly  s im i l a r  and have common an t ig en ic  
p ro p e r t ie s  (Woode e t  al_. , 1976), but a t  le a s t  one com­
p le t e l y  new a n t ig e n ic  group, which is  u n rea c t iv e  w ith  
normal r o t a v i r u s  a n t is e ra  by most s e ro lo g ic a l  t e s t s ,  has 
now been id e n t i f i e d  ( S a i f  e t  a j_ . ,  1980; McNul ty  e t  al . ,
1981; B r id g e r  et  ^ a]_. , 1982).
1.2 .2  Cl ass i f  ica t i on
The a s s o c ia t io n  o f  ro ta v i ru s e s  w ith  d ia rrhoea  of young 
farm an im als  and of ch i ld re n  led to a comparat ive  study of 
the group. They were o r i g i n a l l y  termed ' r e o v i r u s ' ,
1re o v i ru s - 1 ik e 1 or 'o r b i v i r u s '  due to  t h e i r  s i m i l a r i t i e s  to 
these organisms, but on fu r th e r  in v e s t ig a t io n  s ig n i f i c a n t  
morphological d i f fe re n c e s  were noted between the ro tav iru se s  
and o the r  members of the reo v iru s  f a m i l y .  A n a ly s is  of 
ro t a v i r a l  RNA showed i t  to be double stranded and segmented 
l i k e  tha t  o f r e o v iru se s ,  but to c o n s is t  of 11 segments with
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a c h a r a c t e r i s t i c  b as ic  pa tte rn  common on ly  to the ro ta v iru se s  
(Newman e_t aj_. , 1975; Rodger et_ aj_. , 1975). The combined 
m o lecu la r  weight of RNA was about 11 x 10^ dal tons 
(M cN u lty ,  1979). These v i ru s e s  c o n s t i t u t e d  a group w ith  
no s e ro lo g ic a l  r e la t io n s h ip  to r e o v i ru s  o r  o r b iv i r u s e s  but 
s e r o lo g i c a l l y  re la te d  to one ano ther (Welch and Twiehaus,
1973 ; Kap ik ian  et  ^ £j_. , 1976).
The In te rn a t io n a l  Committee on Taxonomy of V iru ses  
( ICTV) c l a s s i f i e d  the group as members o f  the reo v iru s  
fam ily  co n ta in in g  the re o v i ru s ,  r o t a v i r u s  and o r b iv i r u s  
genera (Fenner,  1976). The g en e r ic  names ' r o t a v i r u s '  and 
'd u o v i ru s '  have been proposed. 'R o t a v i r u s ' ,  being the most 
commonly used, seems l i k e l y  to be adopted by the ICTV 
(Ku rs ta k  et  ^ aj_. , 1981) .
The ro ta v i ru se s  are fu r th e r  d iv id e d  in to  se ve ra l  separa te  
se ro types  by n e u t r a l i z a t io n  (Thouless et  ^ a_l_., 1977) o r  in to  
two subgroups by enzyme linked immunosorbent assay (E L ISA )  
( Z i s s i s  et  ^ £j_. , 1978) and a t  le a s t  two s e r o lo g i c a l l y  u n re la ted  
groups (B r id g e r  £t  ^ aj_. , 1982). Th is  c l a s s i f i c a t i o n  is 
expanded in Sec t ion  1 .2 .6 ,  which d e a ls  w ith  ro ta v i ru s  se ro lo g y .  
The ro ta v i ru s e s  o f  each animal sp ec ie s  a re  a separate  sero type 
and human ro ta v iru se s  a re  subdivided in to  three  o r  four 
sero types (Thouless e t  a ! . ,  1977; Beards et  ^ £]_. , 1980).
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A l l  ro ta v i ru se s  cause g a s t r o e n t e r i t i s  in t h e i r  animal 
h o s ts .  The s e v e r i t y  o f  d isease  is  ve ry  v a r i a b l e ,  ranging 
from s u b - c l in i c a l  to f a t a l  in both c h i ld re n  and young 
a n im a ls ;  and a l l  in f e c t io n s  a re  season a l ,  o ccu rr in g  mainly 
in the  w in te r  months (Greenberg et  ^ aj_. , 1981 ) . In fe c t io n s  
of a d u l t s  have a ls o  been reported (Z iss  i s e t  a 1 . ,  1976;
Bol i va r <rt a_l_. , 1978; von Bonsdorf f  £t  ^ aj_. , 1978) but these 
are  u s u a l l y  m ild  o r  symptomless. In fe c t io n s  in c h i ld re n  
under 6 months o f  age were ra re  ( F le w e t t  and Woode, 1978; 
Soenarto  et  ^ a j_ . , 1981) .
In humans, c l i n i c a l  symptoms of ro ta v i r u s  g a s t r o e n t e r i t i s  
appear 1*8-72 hours a f t e r  in f e c t io n ,  sometimes preceeded by 
vo m it in g .  D ia rrhoea , o f ten  w ith  accompanying f e v e r ,  is  the 
main symptom (Shepherd et_ aj_. , 1975; Tai l e t t  e t  a l . , 1977) .
This leads to dehydrat ion  and, in severe  c a se s ,  high 
temperatures up to A0°C and p o ss ib le  hypernatrem ia .
( P a r r o t t ,  1976). F a t a l i t i e s  appear to re su l t  from 2-U days 
o f  vom it ing  and d ia rrho ea  w ith  subsequent dehydrat ion  and 
hypernatrem ia (M iddleton et  ^ aj_. , 1976). Rehydration  w ith  
g lucose  e l e c t r o l y t e  so lu t io n s  is  the most e f f e c t i v e  treatment 
and the course o f  d ia rrho ea  then u s u a l l y  la s ts  5-8 days 
before  symptoms d isappear .  Other v i ru s e s  or b a c te r ia  a re  
o ften  a s s o c ia te d  w ith  f a t a l  cases o f  g a s t r o e n t e r i t i s ,  but 
i t  is not c l e a r  whether they c o n t r ib u te  to the cause of
11«
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death . S u b c l in ic a l  in f e c t io n s  w ith  r o t a v i r u s  a re  a ls o  
common as denoted by an an t ibody  response but no symptoms.
Work w ith  g n o to b io t ic  c a lv e s  (Mebus e t a ! . ,  1969;
1971; Woode and B r id g e r ,  1975) re vea led  th a t  d ia rrhoea  
developed in 18-2A hours a f t e r  in f e c t io n  and most c a lv e s  
became depressed and lo s t  w e igh t .  I f  d ia r rh o ea  is prolonged, 
dehydrat ion  can cause death a f t e r  k-7 days and pneumonia has 
been found to be a common c o n t r ib u to r y  f a c t o r  to deaths 
which occurred 2-3 weeks a f t e r  in f e c t io n  (Woode and Crouch, 
1978). Recovery o f  s e v e re ly  i l l  c a lv e s  is  po ss ib le  when 
fed w ith  a g lucose  and s a l in e  m ixture in s tead  o f  m ilk  
(Woode and Crouch, 1978).
In fec ted  p ig l e t s  reac t  s i m i l a r l y  to c a l v e s ,  showing 
depress ion , an o re x ia ,  re lu c tan ce  to move, vom iting  a f t e r  
18-24 hours and d ia rrhoea  a few hours l a t e r  (Woode et a l . ,  
1976b). C l i n i c a l  symptoms regressed a f t e r  4-6 days although 
d ia rrhoea  often  la s ted  fo r  7-14 days. Recovery  was aided 
when m ilk  was rep laced  by w ater  (Woode et  ^ £ j _ . , 1976b).
Lambs a ls o  su f fe red  anorex ia  and d ia r rh o ea  a t  11 — 18 hours 
a f t e r  in fe c t io n  (Snodgrass £t^ aj_. , 1976). Foa ls  and turkeys 
have shown c l i n i c a l  s i m i l a r i t i e s  to c a l v e s ,  pigs and lambs 
(Eugste r  and W h it fo rd ,  1978; McNulty e t  a l . ,  1979).
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R o tav iru s  in fe c t io n s  have been reduced in s e v e r i t y  to 
s u b c l in i c a l  in f e c t io n s  when the c a l f ,  pig o r  iamb is  fed 
w ith  co los trum  (which con ta ins  maternal an t ibody) p r io r  to  
in f e c t io n  (Woode et £j_. , 1975; Snodgrass et  ^ aj_. , 1977), 
and a ls o  when g n o to b io t ic  p ig l e t s  have been inocu lated w ith  
ro ta v i r u s  from c h i ld re n ,  fo a ls  o r  lambs (B r id g e r  et a ! . ,
1975; Woode et_ a_l_. , 1976b. Th is  l a t t e r  obse rva t ion is 
important as i t  demonstrates a t  le a s t  some species s p e c i f ­
i c i t y  o f  r o t a v i r u s  in f e c t io n .
Most o f  the  pathogenic e f f e c t  o f  ro ta v i ru s  a r is e s  
from r e p l i c a t io n  in the small in t e s t in e ,  although ro ta v iru se s  
have been found in the lungs and m esenter ic  lymph nodes of 
an in fec ted  c a l f  (Mebus et  ^ a_l_. , 1971b) and ro ta v i ru s  antigen  
has been de tec ted  in the colon and caecum of in fec ted  lambs 
(Snodgrass £jt aj_. , 1977).
R o ta v iru s  in fe c ts  the e p i t h e l i a l  c e l l s  of the 
a b s o rb t iv e  p o r t io n  of the v i l l i ,  but not the c r y p t  c e l l s .
The v i l l i  become markedly shortened or stunted and the 
columnar brush bordered e p ith e l iu m  is lo s t  from th e i r  t ip s  
and replaced w i th  cuboidal or squamous c e l l s  w ithout a brush 
bo rde r ,  and an increased number of rounded c e l l s  a re  found 
in the lamina p rop r ia  ( B i shop £t^ a_l_. , 1973; Barnes and 
Townsey, 1973). Thin sec t ion  e le c t ro n  microscopy 
revea led  tha t  many of the c e l l s  were normal, but in d is c r e e t  
a reas  the en te ro cy te s  were vacuo la ted  w ith  damaged or n e c ro t ic
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m i c r o v i l l i  and conta ined r o t a v i r u s  an t igen  (Davidson e t  a l . ,  
1975). The in fec ted  c e i l s  m ig ra te  to the t i p  of each v i l l u s ,  
where they a re  shed, and a re  rep laced  w ith  immature cuboidai 
c e l l s  from the c ryp t  which a p p a re n t ly  have no ro ta v i ru s  
re cep to rs  (Snodgrass et  ^ aj_. , 1977) as r e in f e c t io n  o f  c a lv e s  
s h o r t l y  a f t e r  c essa t io n  of d ia r rh o ea  f a i l e d  to produce 
c l i n i c a l  d isease  (Mebus £t  ^ a_l_. , 1971b). Examination of l a t e  
stages of in fe c t io n  show that the  s tu n t in g  o f  v i l l i  has 
re su l te d  in fu s io n ,  leav ing  a f l a t  a v i l l o u s  mucosa in some 
a reas  o f  the small in t e s t in e  (Pearson  and McNulty , 1977;
Lecce and K ing , 1978). Desp ite  t h i s  complete d e s t ru c t io n  
o f  v i l l i ,  regeneration in s u r v iv in g  an im als was rap id  and 
the in t e s t in e  was u s u a l ly  normal w ith in  10 days.
The in t e s t in a l  lumen in normal co n d i t io n s  re ce ive s  
f l u i d  from the d ie t  and a ls o  from g a s t r o in t e s t i n a l  s e c re t io n s ,  
and the in t e s t in e  g e n e ra l l y  reabsorbs about 95% of the f l u i d  
in the in t e s t in a l  lumen. Both increased  se c re t io n  of f l u id  
in to  the lumen, and decreased reabso rb t io n  can r e s u l t  in 
d ia rrho ea  and dehydration (Desjeux et  ^ a_l_. , 1979). In 
r o t a v i ru s - induced g a s t r o e n t e r i t i s ,  both o f  these occur 
( F le w e t t  and Woode, 1978). During the d ia r rh o e ic  phase, 
the v i l l o u s  ep ithe lium  resembles c r y p t  ep ith e l iu m  and the 
v i l l o u s  t i p  c e l l s  con ta in  less  d isa cch a r id e  and have a 
decreased a b i l i t y  to syn thes ise  d i s a c c h a r id e s , absorb g lucose  
and g a la c to se  and to u t i l i s e  la c to s e .  Lac tose  and o ther
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d isaccha r ides  remain in the lumen o f  the bowe l, c re a t in g  
a high osmotic p ressure  which a t t r a c t s  body f l u id  in to  the 
lumen and preven ts  absorb tion  o f  water from faeces 
( F l e w e t t ,  1977). The la c to se  th e re fo re  ex er ts  a p o s i t i v e  
dehyd ra t ing  e f f e c t  which can be counte rac ted  by rep lac ing  
m ilk  and o th e r  disaccharide sources w ith  d i lu t e  e l e c t r o l y t e  
s o lu t io n  (F le w e t t  and Woode, 1978). These immature v i l l o u s  
c e l l s  have an impaired g lucose  coupled sodium t ranspo rt  
system and adenyl c y c la s e  a c t i v i t y  is not increased 
(Hamilton £t^ a_l_. , 1975). Furthermore, the inflammatory 
response a sso c ia te d  w ith  the in f e c t io n  causes increased 
p e r i s t a l t i c  a c t i v i t y .  This r e s u l t s  in f a s t e r  passage of 
food a l lo w in g  i n s u f f i c i e n t  time fo r  d ig e s t io n  and the 
abso rb t ion  of w ater  by the v i l l o u s  c e l l s  (McNulty , 1978).
1.2.1» Immun i ty
The presence of ro ta v i r u s  antibody  in farm animals is 
ex trem ely  common. In a study of S c o t t is h  sheep, 38% of a d u l t  
sheep and 56% of neonates were found to con ta in  serum 
an t ib o dy  to ro ta v i r u s  (Snodgrass £t  ^ aj_. , 1977). In Canada, 
79% o f  c a t t l e  s tud ied  were found to con ta in  ro ta v i ru s  
an t ib ody  and a survey in B r i t a i n  o f  59 herds w ith  a h is to r y  
o f  d ia rrhoea  showed that a l l  o f  them were s e r o lo g i c a l l y  
p o s i t i v e .  Of those c a t t l e  stud ied in d e t a i l ,  more than 90% 
had n e u t r a l i z in g  antibody t i t r e s  of g re a te r  than 1»0 and 58%
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had t i t r e s  o f  320 or more ( F le w e t t  and Woode, 1978). The 
an t ibody  le v e l s  in many c a t t l e  appear to  be too low to 
p ro te c t  them from in fe c t io n  or  to prov ide  s u f f i c i e n t  a n t i ­
body in t h e i r  co lostrum  and m ilk  to p ro te c t  the young 
c a lv e s  (Kurstak  e_t aj_. , 1981). C o lo s t ra l  a n t i  body appea red 
to be important in p ro te c t io n  o f  young an im als a g a in s t  
d isease  (B r id g e r  and Woode, 1975; McNulty et  ^ aj_. , 1976;
Lecce e t  £j_. , 1976; Snodgrass and W e l l s ,  1976, 1978), but 
an t ibody a ga in s t  ro ta v i r u s  appeared on ly  to be sec re ted  in 
la rge  q u a n t i t ie s  in f i r s t  day co lostrum  and to decrease 
th e r e a f t e r  leav ing  most an imals s u s c e p t ib le  to in f e c t io n  
by 3 days a f t e r  p a r t u r i t io n  (Woode £t  ^ aj_. , 1975). R o ta v iru s  
induced g a s t r o e n t e r i t i s  in c a lv e s  most o ften  occurs  w i th in  
the f i r s t  seven days of l i f e  ( F le w e t t  and Woode, 1978).
Animals a re  found to be p ro tected  by feed ing w ith  co los tru m , 
e s p e c ia l l y  continuous feed ing o f  r e l a t i v e l y  small q u a n t i t i e s  
(McNulty a_J_. , 1976); Snodgrass and W e l l s ,  1978). The 
p ro te c t io n  is  not e n t i r e l y  type s p e c i f i c - p ig 1e ts  can be 
pro tected  from in fe c t io n  w ith  po rc ine  ro ta v i r u s  by feed ing  
w ith  bovine co lostrum  (B r id g e r  and Brown, 1981), and these 
p ro tected  p ig l e t s  which su f fe red  a s u b - c l in i c a l  in f e c t io n  
were then r e s i s t a n t  to fu r th e r  in f e c t io n  by po rc ine  r o t a v i r u s .  
P ass ive  immunisation by feed ing an im als w ith  p u r i f i e d  
immunoglobulin w ith  a n t i- r o t a v i r u s  a c t i v i t y  has a ls o  been 
shown to p ro te c t  a ga in s t  d isease  (Lecce  e t  a_l_. , 1976;
Snodgrass et  ^ aj_. , 1977). Lambs can be p ro tected  by human IgG,
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so c ro ss- sp ec ie s  p ro te c t io n  a ls o  appears to be e f f e c t i v e  
(Snodgrass e_t^  a_l_. , 1977).
The most important f a c to r  in natura l p ro te c t io n  does 
not appear to be serum a n t ib o dy ,  but ra the r  lo ca l  immunity 
in the gut produced m a in ly  by se c re to ry  IgA a n t ib o d ie s  
(Mebus et_ a_l_., 1973).
Immunity in humans has been stud ied in some d e t a i l .  
Second a t ta c k s  o f  r o t a v i r u s  in fe c t io n  have been shown to 
be ve ry  ra re  (M id d le to n ,  1977), suggesting that immunity 
p r e v a i l s  u n t i l  adu lthood . The presence of serum an t ibody  
v a r ie s  w ith  age. At b i r t h ,  73*80% of babies possess serum 
a n t ib o dy ,  but t h i s  le v e l  o f  immunity de c l in e s  becoming 
almost undetec tab le  a t  3 months and antibody l e v e l s  begin 
to r i s e  aga in  a t  about 6 months. 50*90% of c h i ld r e n  aged 
18 months possess an t ibody  and 99.9% of a d u l ts  in a small 
sample were s e r o lo g i c a l l y  p o s i t i v e  fo r  ro ta v iru s  
(Kap ik ian  £ t  a j_ . , 1975; 1976b). Immunity is  h ig h es t  a t  
6 years  o f age and s low ly  drops, becoming u n d e te c tab le  
in people o ld e r  than 70 years  ( E l l a s ,  1977). However, 
serum antibody does not n e c e s s a r i l y  prevent I n f e c t io n ,  
and b reast fed bab ies do not get f u l l  p ro tec t ion  from 
m a te rn a l ly  de r ived  co los trum  an t ibody . For in s ta n c e ,  in 
one survey o f  a ward, c h i ld re n  w ith  ro ta v iru s  in f e c t io n  
co n s is ted  of 11 b reas t  fed and 18 b o t t le  fed bab ies 
(C h ry s t ie  et  ^ a I . ,  1975). Human colostrum has been shown
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to conta in  an t ibody , which is l i k e l y  to be IgA (Thouiess 
e_t aj_. , 1977b ; Kurstak et^ a j_ ., 1981).
During ro ta v i ru s  in f e c t io n ,  antibody is  de te c tab le  
w ith in  2 days by IF (Davidson £t aj_. , 1975) and 2-1* days 
by I EM (F iew e tt  e£ £j_. , 1971*). IgM is  found f i r s t  and then 
replaced by IgG (Konno _^t_ a_l_. , 1975). Complement f ix in g  
an t ibod ies  d im inish f a s t  a f t e r  in fe c t io n  w h i le  n e u t r a l i z in g  
an t ibod ies  p e r s is t  ( E l i a s ,  1977). IgA can be detected  in 
faeces ,  co lo s t ra  and se ra  (Watanabe et_ aj_. , 1978).
1 .2 .5  D iaqnos i s
Rotav irus in f e c t io n s  were i n i t i a l l y  diagnosed by e le c t ro n  
microscopy (EM). B ishop e t  al_. (1973) used EM o f  th in  
sec t ions  of duodenal b io p s ie s ,  and F iew et t  et  ^ a]_. (1973, 197l*b) 
f i r s t  used nega t ive  c o n t r a s t  to show the presence of 
ro tav iru se s  in concen tra ted  stool samples. Crude, u n p u r i f ied  
stool suspensions have u s u a l ly  been found to  be adequate fo r  
the l a t t e r  method, which is now the most commonly used 
d iagnos t ic  procedure. Immune e le c t ro n  microscopy ( I EM) , 
which involves mixing v i r u s  and antibody and de te c t in g  the 
aggregates or using an t ibody  coated EM g r id s  to  capture  v i r u s ,  
is a lso  used and can be more s e n s i t i v e  than d i r e c t  nega t ive  
s ta in in g  which on ly  e a s i l y  detects v i ru s  a t  co n cen tra t io n s
p
g rea te r  than 10 /ml ( F i e w e t t ,  1978). However, the 
c h a r a c t e r i s t i c  ro ta v i ru s  morphology is less  e a s i l y  recognised
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in I EM as images of the p a r t ic le s  a re  somewhat obscured 
by an tib o dy .
Middleton e_t a]_. (197*0 and Davidson e£ aj_. (1975) 
de tected  ro ta v i r u s  an t igen  in b io p s ie s  and duodenal c e l l s  
by In d i r e c t  immunofluorescence, which was a ls o  used to 
determine the presence o f  an t ibody  in serum a f t e r  
in f e c t io n .  Immunofluorescence has been w ide ly  used fo r  
research  and d ia g n o s t ic  purposes (B r id g e r  and Woode, 1975; 
Bana tva la  e_t a_l_., 1975; Bryden e^ £]_., 1977; Thoul ess e t  a l . ,  
1977). I t  is rep roduc ib le  and s e n s i t i v e  but is  not easy 
when la rge  numbers o f  samples a re  invo lved (K u rs tak  e t  a 1 . ,  
1981). A s im i l a r ,  r e c e n t ly  developed technique f o r  
d e te c t io n  o f  ro ta v i r u s  an t igen s  and a n t ib o d ie s  is 
immunoperoxidase s t a in in g .  The marker an t ibody is  coupled 
to horse rad ish  peroxidase and immune complexes a re  s ta ined  
w ith  d iaminobenzidine and v i s u a l i s e d  under a l i g h t  m icro ­
scope (S te rn b e rg e r ,  1979). V iru s  d e te c t io n  a t  the u l t r a -  
s t ru c tu ra l  le v e l  Is e a s ie r  w ith  immunoperoxidase than IF ,  
as the s ta in in g  is  v e ry  d i s c r e e t  (Kurs tak  e£ £]_., 1981).
Other methods have a ls o  been developed fo r  ro ta v i r u s  
d iagnos is  w ith  emphasis on low co s t  and s im p l i c i t y .
Kap ik ian  e_t aj_. (197*0 detected  r o t a v i r u s  an t igen  in stool 
suspensions by a complement f i x a t i o n  (CF) t e s t ,  but th is  
technique is seldom used as frequen t anticomplementary
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e f f e c t s  o f fa e ca l samples reduce the s e n s i t i v i t y  o f the 
te s t  (K u rs tak  et_ a_l_. , 1981).
Counter Im m unoelectrophoresis (C IE P )  a llo w s  rap id  
exam ination o f la rg e  numbers o f specim ens, but is  le ss  
s e n s it iv e  than EM (M idd leton  e_t a j_ . , 1976; Spence e t 
a l_ ., 1975).
S o lid  phase radioimmunoassay (R IA ) is  a more re c e n t ly
developed techn ique which is  more s e n s it iv e  than EM
(M idd leton  et  ^ a j_ . , 1976: Kal ica  £ t  a_]_., 1977) . I t  has now
been superseded by an enzyme 1 inked immunosorbent assay
(E L IS A ) ,  which is  inexpensive  and re p ro d u c ib le . Both
techn iques use p o ly s ty ren e  w e l ls  coated w ith  an tibody to
which an tig en  is  added. Immune complexes a re  de tected  by 
125 l- la b e l le d  an tibody in RIA and enzym e-label led  antibody 
in E L ISA . The enzyme is  most u s u a lly  a lk a l in e  phosphatase, 
which forms a y e llo w  co lo u r on re a c t io n  w ith  p-n itropheno l .
Enzyme-linked an tibody is  more s ta b le ,  more a c t iv e  and sa fe r
125than l- la b e l le d  a n tib o d y . EL ISA  has been used fo r  
d e te c t io n  o f ro ta v iru s e s  (Yo lken  e t a ! . ,  1977) and fo r  the 
study o f ro ta v iru s  epidemology and d i f f e r e n t ia t io n  o f sub- 
types (Yo lken et  ^ a_l_., 1978; 1978b). I t  Is  r a p id ,  rep ro d u c ib le , 
q u a n t ita t iv e  and up to  100 tim es more s e n s it iv e  than EM, IF ,
CF or C IEP (E l le n s  £ t a l_ . , 1978) and Is  now probab ly the 
p r in c ip a l d ia g n o s tic  method.
- 23 -
. 2 .5  ( C o n t ' d ) .
A number o f techniques fo r  d e te c t in g  ro ta v iru s  
haem agg Iu tin in  have a ls o  been developed. Haem agglutination  
was a ch ieved  w ith  c a l f  and sim ian ro ta v iru s  com plete 
p a r t i c le s ,  but not w ith  s in g le  sh e lle d  p a r t ic le s  (Fauvel 
e t  a l . , 1978 ; Ka 1 ica et  ^ a_l_. , 1978) and was In h ib ite d  by 
t y p e - s p e c if ic  ro ta v iru s  an tiserum . A high co n cen tra tio n  
o f ro ta v iru s  p a r t ic le s  (p robab ly g re a te r  than 10 /ml) 
seems to  be n ecessa ry  fo r  successfu l use o f t h is  techn ique.
A m o d if ic a t io n  termed immune adherence haem agg lu tina tion  
assay  (IAHA) has been developed and appears to  be comparable 
to  EL ISA  (K a p ik ia n  et  ^ a j_ ., 1978; 1981). IAHA In vo lve s  
co a tin g  o f p o ly s ty re n e  w e lls  w ith  an tibody (o r  a n t ig e n ) and 
adding a n tig en  (o r an tib o dy ) to  t h i s .  Immune complexes a re  
recogn ised  by a d d it io n  o f fresh  complement fo llo w ed  by 
human e ry th ro c y te s  and haem agglutInatlon  is  scored  1-3 h 
l a t e r .  Both IAHA and ELISA  appear to have subgroup and not 
se ro type  s p e c i f i c i t y ,  w h ile  HI was thought to  be sero type  
s p e c i f ic  (F a u ve l et_ a j_ ., 1978). IAHA th e re fo re  does not 
recogn ise  the haem agg lu tIn in , which Is  m erely used as the 
In d ic a to r  fo r  b ind ing  e ry th ro c y te s , but recogn ises a 
d i f f e r e n t  v i r a l  an tigen  invo lved  In subgrouping. G enetic  
experim ents have  Id e n t if ie d  d i f fe r e n t  an tig en s  In vo lved  In 
determ in ing  se ro typ e  and subgroup (S e c t io n  1 .3 .9 ) ,  and the 
use o f m onospec ific  and/or monoclonal a n t is e r a  In  the 
fu tu re  w i l l  make Id e n t i f ic a t io n  o f s p e c i f ic  an tig en s  
p o s s ib le , th e reb y  d im in ish ing  the cu rre n t co n fu s io n .
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Plaque assay  and plaque redu ctio n  (n e u t r a l iz a t io n )  
w ith  a n t is e r a  a re  o n ly  a p p lic a b le  to  t is s u e  cu ltu re-adap ted  
v iru s e s  but a re  the  most a ccu ra te  methods a v a i la b le  as they 
g ive  in fo rm ation  on the t i t r e  o f v ir u s  o r a n tib o d y .
Techniques such as IEM, im m unofluorescence, 
immunoperoxidase s t a in in g ,  complement f ix a t io n  and RIA 
d e te c t g ro u p - s p e c if ic  ro ta v iru s  a n t ig e n s , i . e .  one antiserum  
w i l l  reac t w ith  a l l  r o ta v iru s  se ro typ es  and w i l l  u s u a lly  not 
d is t in g u is h  between them w h ile  E L IS A , I AHA, HI and 
n e u tra l iz a t io n  (p laq ue  red u c tio n ) d e te c t  d i f f e r e n t  subgroups 
or se ro types and can th e re fo re  d is t in g u is h  between d i f fe r e n t  
v iru s e s .  EL ISA  and IAHA a re  su b g ro u p - sp e c if ic , w h ile  
n e u t ra l iz a t io n  and HI a re  t y p e - s p e c if ic .  These terms a re  
exp la ined  in S e c t io n  1 .2 .6  on ro ta v ir u s  se ro lo g y . In IEM, 
double sh e lle d  p a r t ic le s  a re  o n ly  a g g lu t in a te d  by type- 
s p e c i f ic  an tis e ru m , w h ile  s in g le  s h e lle d  p a r t ic le s  w i l l  
reac t w ith  a i l  a n t is e r a  a g a in s t ro ta v ir u s  (B r id g e r ,  1978).
1 .2 .6  Sero logy
R o tav iru ses  a re  probab ly a n t ig e n ic a i ly  d i s t in c t  from 
o th e r members o f the  re o v lru s  fa m ily  as there  Is  no se ro lo g ic a l 
r e la t io n s h ip  between c a l f  ro ta v iru s  and e ith e r  re o v iru s  o r 
b luetongue v iru s  by n e u t ra l iz a t io n  o r  immunofiuorescence 
(F e rn e liu s  et_ a j_ ., 1972; Welch and Tw lehaus, 1973). L a te r ,  
Kap lktan  e t a l .  (197k, 1975, 1976) used a complement f ix a t io n
25 -
1 .2 .6  (C o n t 'd )
te s t  to  show th a t se ve ra l ro ta v iru s e s  had no a n t ig e n ic  
r e la t io n s h ip  w ith  the th ree  re o v iru s  sero types o r  w ith  
any o f twenty o rb iv ir u s e s .  A separa te  genus fo r  ro ta v iru s  
has been proposed as a r e s u lt  o f th is  combined ev id en ce , 
and from o th e r b iochem ical p ro p e rt ie s  o f the v iru s  
(S e c t io n s  1.3.1 and 1 .3 .3 ) .
R o ta v iru ses  from se ve ra l anim al sp ec ies  a re  s e ro lo g ic a l ly  
re la te d  to  each o th e r . F le w e tt  et  ^ a_]_. (197*0 demonstrated a 
se ro lo g ic a l r e la t io n s h ip  between c a l f  and human ro ta v iru s  by 
IEM, and Kap ik ian  e£ aj_. (1975, 1976) confirm ed the 
re la t io n s h ip  fo r  human, c a l f ,  sim ian (SA -11 ), murine (EDIM) 
ro ta v iru s e s  and the 'O ' agent us ing  CF. Woode e t a l . (1976) 
a ls o  showed th a t these and p ig , lamb, ra b b it  and fo a l 
ro ta v iru s e s  c ro ss- reac ted  by IEM, IF ,  CF and gel d if fu s io n  
(GO) and suggested th a t these  techn iques a i l  recogn ised 
ro ta v iru s  group a n tig e n s . By n e u t r a l iz a t io n ,  Woode e t a I . 
(1976) and Thoutess et_ a_l_. (1977) d e tected  q u a n t it a t iv e  
se ro lo g ic a l d if fe re n c e s  between them, thereby dem onstrating 
the presence o f ty p e - s p e c if ic  an tig en s  in ro ta v ir u s e s .  The 
ro ta v iru se s  from each animal sp ec ies  stud ied  c o n s t itu te  a 
separate  sero type  (Thouiess e£ a j_ . , 1977), and a t  le a s t  
th ree  sero types of human ro ta v iru s  have been id e n t if ie d  by 
n e u t ra liz a t io n  (F le w e tt  e£ a _K , 1978; Thouiess e t  a j_ ., 1978; 
Beards et_ a j_ ., 1980). Experim ents to  su bd iv ide  ro ta v iru se s  
from o th e r animal spec ies In to  more than one se ro type  have 
not ye t been c a r r ie d  o u t.
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Some c ro s s- re a c t io n s  were observed between some conva lescen t 
a n t is e r a  from g a s t r o e n te r i t is  and ro ta v iru s e s  from o th e r an im als 
( i . e .  d i f f e r e n t  se ro typ es ) in n e u t r a l iz a t io n  te s ts  (Woode e t a l . ,  
1976), which could r e f le c t  the f a c t  th a t  an im als a re  sometimes 
c ro s s  in fe c te d  w ith  o th e r ro ta v iru s  se ro typ e s , as described  in 
Sec tio n  1 .2 .3 .
Two d if f e r e n t  types o f human ro ta v ir u s  were id e n t if ie d  by 
EL ISA  and IAHA (B is h a i e t  a j_ ., 1979; Z i s s i s  and Lam bert, 1980;
Z i ss i s e_t a j_ ., 1981 ; Kap Ik ian  et  ^ a j_ . , 1981) , and these  were 
thought to  c o r r e la te  w ith  the two m ajor human ro ta v iru s  sero ­
types found by n e u t ra l iz a t io n  (Beards £ t  a1_., 1980). However, 
EL ISA  and IAHA have re c e n t ly  been shown to  d iv id e  v iru s e s  in to  
subgroups ra th e r than sero types (K a p lk la n  et_ a l_ ., 1981), and 
most anim al ro ta v iru se s  f a l l  in to  the same subgroup as human 
ro ta v iru s  type 1 (Kap ik ian £ t  a K , 1981). The ELISA  assay 
re co gn ises  an an tig en  o th e r than the n e u t r a l iz a t io n  an tig en  
(Ka l tea ,et a j_ ., 19 8 1 ), so the subgroup and the sero type  are  
com p le te ly  d i f f e r e n t  p ro p e rt ie s  o f r o t a v ir u s .
Two po rc ine  ro ta v iru s  is o la te s  and an a v ia n  Is o la te  
have re c e n t ly  been found th a t a re  s e r o lo g ic a l ly  u n re la te d  to 
o th e r ro ta v iru s e s  a t  le a s t  by IF  o r  I EM ( S a i f  £ t a j_ ., 1980;
McNul ty  e£ a j_ ., 19 8 1; Br Idger e t  a j_ ., 1982). M orphological 
s tu d ie s  showed th a t these is o la te s  were id e n t ic a l to  o th e r 
ro ta v iru s e s  and, l ik e  them, re p lic a te d  in v i l l o u s  e p it h e l ia l
1 .2 .6  ( C o n t ' d . )
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c e l l s .  The RNA p a tte rn  o f the av ian  is o la te  and a po rc ine  
is o la te  was r o ta v ir u s - l ik e  but had a c h a r a c t e r is t ic  p a tte rn  
d i f f e r e n t  to  the b a s ic  p a tte rn  common to  o th e r ro ta v iru se s  
(McNul ty  e_t_ a j_ ., 1981; B r idger et  ^ a ]_ ., 1982). P re lim in a ry  
te s ts  by M cNulty have found no s e ro lo g ic a l r e la t io n s h ip  
between the  a v ian  and porcine  is o la t e s ,  so th e re  may be a t 
le a s t  two new se ro lo g ic a l groups (B r id g e r  e_t a j_ ., 1982).
Other re o v iru s  genera a re  a lso  subd ivided  in to  s e ro lo g ic a l ly  
d i s t in c t  groups (S e c t io n  1 .1 ).
The c la s s i f i c a t io n  o f ro ta v iru se s  is  s t i l l  incom plete, 
but they w i l l  probab ly be c la s s i f ie d  in to  a t  le a s t  two 
s e r o lo g ic a l ly  u n re la ted  groups la ck in g  a common group a n tig en , 
w ith  most v iru s e s  f a l l in g  in to  a s in g le  group which can be 
subd ivided  in to  two subgroups by EL ISA  and se ve ra l sero types 
by neut ra l i z a t ion (
V iru s  p rep a ra tio n s  a lso  co n ta in  ro ta v ir u s  a n t ig e n ic  
subun its  and tu b u la r s t ru c tu re s . Both o f these  appear to 
be ag g reg a tio n s  o f inner capsid  p o lyp e p tid e s , rep resen t the 
v i r a l  group a n t ig e n (s )  and In d ic a te  over-p rod uction  o f 
c e r ta in  v i r a l  po lyp ep tid es (Mathan et_ a j_ ., 1977;
K i mu r a , 1981).
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F ig .2 b C l a s s i f i c a t i o n  o f  th e  r o t a v i
Subgroup 1
1 sero type 
(human).
rus  genus
Rotav i rus
Group 1 Group 2 (p o s s ib ly  a ls o  3 ).
Subgroup 2
many sero types 
(human and most 
anim al s p e c ie s ).
1 .2 .7  Morphology
The e a r ly  o b se rva t io n s  o f  ro ta v iru s  (B ishop  e t a l . .  
1973) suggested tha t they resembled the o r b lv lr u s e s .
F le w e tt  e_t a_l_., (1973) describ ed  the v iru s  p a r t ic le s  as 
75-8k nm In d iam eter and s im i la r  to  reov l ruses w ith  a 
double la ye red  ca p s id . B i shop et_ £j_. ( 197k) a ls o  saw 
s in g le  sh e lle d  p a r t ic le s  60 nm In d iam eter and 'em pty' 
cap s id s  as w e ll as com plete p a r t i c l e s .  M idd leton  £ t 
a 1 . (197k) suggested th a t some s in g le  s h e lle d  p a r t ic le s  
seen in c e l l s  were surrounded by a "p seu d o en ve lo p e ".
From la t e r  m orphogenetic o b s e rv a t io n s , these a re  
probab ly Immature p a r t ic le s  (M cN u lty , 1979). Tubular 
s t ru c tu re s  o f 5k-100 nm In d iam ete r have a ls o  been found 
(Holmes e t  a l_ . , 1975).
S t ru c tu ra l s tu d ie s  were extended by F le w e tt  e t  a 1. 
(l97kb)who describ ed  a c e n t ra l co re  o f 36-38 nm from 
which rad ia ted  c y l in d r ic a l  capsomers w ith  an o u te r  la y e r  
o f sh o rte r  capsomers In com plete p a r t ic le s  ( F i g . 3 ) .  
Complete p a r t ic le s  had a d iam eter o f 63 nm and were 
smooth in appearance , whereas the s in g le  sh e lle d  p a r t ic le s  
had sca llo p ed  edges and were o n ly  55 nm in d iam ete r. A l l  
ro ta v iru se s  s tu d ied  a re  m o rp h o lo g ica lly  Id e n t ic a l 
(Woode e t a I . .  1976; Kap lktan  et_ ¿1 _ ., 1976).
D e ta ile d  u lt r a s t r u c tu r a l  s tu d ie s  by a n a ly s is  o f 
chem ical deg radation  o f the v iru s e s  and e le c tro n
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F i g .3 Diagram o f  r o t a v i r u s  s t r u c t u r e
( from  A lm eida , 1979)
f Outer S h e lI _£ 5 _  nm *
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m icroscopy have been undertaken by many groups (A lm eida , 
1979; M artin  et  ^ a j_ . , 1975); Palm er e t  a j_ . , 1977; Stannard 
and Schoub, 1977; Esparza and G i l ,  1978). V iru se s  he ld  
f o r  2 days a t  37°C in the p resence  o f t r y p s in  
d is in te g ra te d  and what remained were a r r a y s  o f a s in g le  
type  o f subun it in a l a t t i c e  c o n s is t in g  o f f i v e  o r  s ix  
su b u n its , each subun it be ing  a s s o c ia te d  w ith  two o th e rs . 
R o ta v iru s e s  have cu b ic  symmetry and a re  ico sah ed ra l 
(A lm e ida , 1979), but d i f f e r  from o th e r v iru s e s  w ith  
c u b ic  symmetry such as ad e n o v iru s  in th a t  the group ings 
o f  ro ta v iru s  subun its d id  not form s ta b le  capsom ers.
Thus, on degradation  o f r o t a v i r u s ,  o n ly  the s t ru c tu ra l 
su b u n its  remained w h ile  o th e r  v iru s e s  tend to break down 
to  m orphologica l capsomers composed o f s e v e ra l su b u n its . 
T h is  is  i l lu s t r a t e d  in F i g . 4 . Degradation  w ith  sodium 
th io cya n a te  appeared to erode the v iru s  by s o lu b i l iz in g  
p ro te in s  u n t i l  an u n d er ly in g  co re  o f 1*0 nm in d iam eter 
became v i s i b l e .  These co re s  were smooth, th in  w a lle d  
and hexagonal and were s im i la r  to  the re o v lru s  co res 
recogn ised  by L u f t lg  e t a]_. (1 9 7 2 ).
E le c tro n  m icroscop ic  a n a ly s e s  to determ ine the number 
and arrangem ent o f s t ru c tu ra l su bun its  have been 
undertaken by seve ra l g roups. M artin  e_t aj_. (1975) 
saw o n ly  s in g le  sh e lle d  p a r t ic le s  and suggested th a t 
they were composed of 5**0 su b u n its  a rranged  In to  tr lm e rs
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Caps id  s t r u c t u r e  o f  degraded v i r u s e s
(from  A lm e id a , 1979)
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g iv in g  180 s t ru c tu ra l su b u n its . These were arranged in to  
20 groups o f 6 , and 1 2  groups o f 5 form ing an icosahedron 
w ith  the pentamers a t  the a p ic e s .  R o ta v iru s  thus fo llow ed  
the p r in c ip le s  o u t l in e d  by Caspar and Klug (1962) fo r  
Icosah ed ra l v iru s e s .  W ith  a t r ia n g u la t io n  number T » 3 , 
the v iru s  had 60T (180) su bun its  and 10T + 2 (32) v e r t ic e s .  
The v iru s  was a ls o  desc r ib ed  as hav ing  a secondary T o f 9 
(making 5<*0 s u b u n its ) .  PaIm er e t  a j_ . (1977) described  the 
arrangement o f the c e n t ra l c o re , which a ls o  has 
c h a r a c t e r is t ic s  o f an Icosahedron . The inner cap s id  la y e r  
was described  as s im ila r  to  th a t shown by M artin  e t  a l . 
(1975) and c o n s is te n t w ith  the arrangem ent o f s t ru c tu ra l 
subun its  suggested fo r  b luetongue and re o v lru s  (Pa lm er e t  
a ! . ,  1977; Palm er and M a rt in , 1977). Palmer e t a l . 
described  the ro ta v iru s  o u te r la y e r  as a continuous 
co ve r in g  w ith  a c le a r ly  d e fin ed  m arg in . Stannard and 
Schoub (1977) p o s tu la ted  th a t the In n e r caps id  had 
Icosahed ra l symmetry and co n s is te d  o f 1 8 0  s t ru c tu ra l 
subun its arranged  in open l a t t i c e  fo rm ation  around 92 
h o le s , i . e .  T ■ 9 . The 12 ho les  a t  the  a p ice s  were 
surrounded by 5 capsomers and the o th e r  80 spaces In the 
l a t t i c e  were surrounded by 6 capsom ers. The o u te r  la y e r  
was a ls o  shown to  have a honeycomb- 1 Ike  la t t i c e  and 
a ttach ed  to  the p ro je c t io n s  o f the In n e r la y e r  by sh ort 
ra d ia l sep ta . Esparza and G i l (1978) agreed w ith  Stannard 
and Schoub on the arrangem ent o f m orpho log ica l subun its
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but suggested 1 6 2  ra th e r than 9 2  ho les and th e re fo re  
in v o lv in g  3 2 0  t r im e r ic  su bu n its  and a t r ia n g u la t io n  
number o f  T * 16. Roseto et  ^ al_. (1979) examined freez e  
d r ied  ro ta v iru s  p a r t ic le s  and counted 1 3 2  capsomers arran ged  
w ith  T - 13 symmetry, which gave the v iru s  a skewed 
ico sah ed ra l symmetry. The o u te r  cap s id  appeared as a smooth 
co ve r in g  w ith  small h o le s , correspond ing  to  those in th e  
inner c a p s id . Tab le  2 o u t l in e s  the v a r io u s  th e o r ie s  o f 
ro ta v iru s  s t ru c tu re  as w e ll as p roposa ls  o f re o v iru s  
s t ru c tu re  fo r  com parison.
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TABLE 2 CAPSID STRUCTURE OF REOVIRUSES 
(from M cN u lty , 1979)
GENUS PROPOSED STRUCTURE REFERENCE
ROTAVIRUS a ) 3 2  capsomers a rran ged  w ith  
T-3 prim ary symmetry and 
T»9 secondary symmetry
Palm er e_t £l_. (1977) 
M a rt in  et  ^ aj_. (1975)
b) 1 8 0  capsomers a rran ged  as an 
open mesh around 9 2  h o le s (80  
surrounded by 6 capsom ers, 
♦ 1 2  surrounded by 5 ) .
T-9 prim ary symmetry.
Stannard  and Schoub 
(1977 ).
c )  3 2 0  capsomers a rran ged  as 
open mesh round 1 6 2  h o le s . 
T - 16.
Espa rza and G11 
(1978 ).
d) 132 capsomers, T - 13. Roseto e t  a l .  (1979)
REOVIRUS a ) 92  ho llow  o r co lum nar 
capsom ers.
Jo rdan  & Mayor (1962)
Vasquez 6 T o u rn ie r 
( 1 9 6 2 ) .
b) 1 8 0  s o lid  capsomers
arranged around 9 2  h o le s .
Vasquez S T o u rn ie r 
(1961*)
Amando et_ aj_. (1971)
c )  127 capsomers w hich  a re  
tru ncated  pyram ids.
L u f t ig  e t aj_. (1972)
d) Probab ly 32 la rge  capsomers 
arranged w ith  T » 3 prim ary 
symmetry.
Palm er 6 M artin (1975 )
ORBIVIRUS a ) 3 2  capsomers a rran ged  w ith  
T ■ 3 prim ary symmetry
E ls  6 Vorwoerd (1969) 
Murphy e t  a l . (1 9 7 8 ).
b) 92 ho llow  tu b u la r capsomers 
icosahedra l c a p s id .
Owen 6 Munz (1966) 
S tu dd ert e t a l .(1966)
3 M o le c u la r  B io lo g y  o f  R o t a v i r u s  and R e o v l r u s
The m o lecu la r b io lo g y  o f re o v lru s  has been s tu d ied  
in g rea t d e t a i l ,  both as the p ro to type  o f the re o v iru s  
fa m ily  and as a good model system fo r  e u c a ry o t lc  genomes. 
Knowledge o f ro ta v ir u s  b io ch em is try  Is  much le ss  advanced , 
m a in ly  because In ten se  research  in to  th is  v iru s  group on ly 
began in the e a r ly  1970's when th e ir  m edical im p lic a t io n s  
f i r s t  came to l i g h t .  As ro ta v iru s e s  have shown g re a t  
s im i l a r i t y  to  re o v iru se s  in terms o f m o lecu la r b io lo g y , 
re o v iru s  has been used as a com parative  model system fo r  
ro ta v iru s  research  and s im i la r ly  many methods adapted fo r  
the re o v iru s  system have a ls o  been found to  be u se fu l fo r  
ro ta v ir u s e s .  I t  is  th e re fo re  a p p ro p r ia te  to  e x p la in  in 
the next se c t io n  the m o lecu la r b io lo g y  o f re o v iru se s  and 
then to  compare the ro ta v ir u s  system  to  t h i s .  The re o v iru s  
chosen as a model is  mammalian re o v iru s  se ro type  3 *
3•1 RNA and v a r ia t io n  among RNA's
1 Reovirus Double Stranded  RNA
Approx im ate ly 15% o f the re o v iru s  p a r t i c le  mass Is  RNA, 
and 75% o f th is  is  double stranded  (S i  Iv e r s t e in , 1976).
The double stranded RNA genome is  the d is t in g u is h in g  
c h a r a c t e r is t Ic  o f the re o v iru s  fa m ily  and i t  rep resen ted  
the f i r s t  dem onstration  o f the o ccu rrence  o f dsRNA In 
n a tu re  (Gomatos e£  a l_ . , 1962). The fa c t  th a t re o v lru s  
con ta ined  dsRNA was dem onstrated by i t s  re s is ta n c e  to
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DNAase but not RNAase under low s a l t  c o n d it io n s  and by 
i t s  o rthochrom atic  s ta in in g  w ith  a c r id in e  orange which 
re su lte d  in p a le  green flu o re sce n ce  and not the 
m etachrom atic b r ig h t  red f lu o re sce n ce  in d ic a t iv e  o f 
s in g le  stranded n u c le ic  a c id s  (Gomatos et  ^ a j_ . , 1962). 
Fu rth e r evidence  o f the RNA1s double stranded  c h a ra c te r  
in c ludes i t s  sharp m elting  p r o f i l e ,  i t s  s e n s i t i v i t y  to  
RNAase I I I  but p a r t ia l  re s is ta n c e  to o th e r  RNAases 
(Be llam y et  ^ a j_ ., 1967), the absence o f a hyperchrom ic 
e f f e c t  on re a c t io n  w ith  form aldehyde, equal r a t io s  o f 
adenine ¡u r id in e  and g u an in e :c y to s in e  (Gomatos and Tamm, 
1963) and i t s  d e n s ity  o f 1.61 g/ml in CsSOi, (S h a tk in ,
1965). X-ray d i f f r a c t io n  data has a ls o  in d ic a te d  th a t 
the re o v iru s  genome Is  double stranded RNA.
The re o v iru s  genome was found to  be segmented a f t e r  
many attem pts to e x tra c t  the RNA In a s in g le  m olecu le  
re su lte d  In se ve ra l small p ie c e s . Su bseq u en tly ,
Bellam y e£ aj_. (1967) dem onstrated th a t these  segments 
a lw ays f e l l  In to  th ree  d is c re e t  s iz e  c la s s e s .  These 
th ree  s iz e  c la s s e s  were heterogeneous, and fu r th e r  
a n a ly s is  showed th a t there  were ten m o lecu la r sp ec ie s  
In equ im olar p ropo rtion s w ith  a combined m o lecu la r w eight 
o f about 15 x 1 0 s dal tons , which was the expected s iz e  of 
the genome. (S h a tk in  et_ a j_ ., 1968). The p o s s ib i l i t y  that 
these segments arose  as a re s u lt  o f  breakage o f "weak
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sp o ts " a long  the genome was e lim in a ted  because each 
segment is  f u l l y  base pa ired  a t  each end (M uthukr1shnan 6 Shatk In  
¿t_. 197*0, each 5 ' end is  capped (F u ru lc h l e t  a 1 . ,
1975) and 3 ‘ end la b e l l in g  w ith  KIOi, and 3H-NaBH„
produces ten segments a l l  la b e l le d  a t  the 3 * term inus 
(M illw a rd  and Graham, 1970). Three fa c to r  c ro s se s  a ls o  
show random seg reg a tio n  o f RNA sp ec ies  in d ic a t in g  th a t 
they a re  not lin k e d  (C ross and F ie ld s ,  1976). As the 
t r a n s c r ip ta s e  Is  p a r t  o f the v lr is n  s t ru c tu re  (s e c t io n  
1 . 3 . 3 . 2 ) and as the  genes a re  tra n s c r ib e d  s im u ltan eo u s ly  
and a t Independent r a te s ,  the RNA segments a re  a ls o  
u n l ik e ly  to  be c o v a le n t ly  lin k e d  in v iru s  p a r t i c l e s .
However, each v iru s  p a r t ic le  co n ta in s  1 copy o f each 
o f 10 RNA s p e c ie s , so the RNA's must be assembled In to  
v iru s  p a r t ic le s  by some h ig h ly  s p e c i f ic  mechanism, 
which may In v o lv e  non-cova len t lin kag e  o f genes by 
p ro te in  m o lecu le s . Kavenoff et_ aj_. (1975) have re le a se d  
re o v iru s  RNA In a s p id e r - l ik e  arrangem ent w ith  a l l  the RWA 
jgisc/ih connected a t  a common fo cu s , which may mean th a t 
the,., .r  '.»are sometimes lin ked  In v iru s  p a r t i c le s .
The RNA genome o f a l l  members o f the re o v iru s  fa m ily  
is  segmented and In re o v iru s  and ro ta v iru s  
each s p e c i f ic  segment has been shown (o r  c a lc u la te d  by 
the coding p o te n t ia l and gene coding assignm ents) to  be 
m onoclstron ic  (B is h o p , 1977; McCrae and Jo k l lk ,  1978;
Smith ¿ t  a j_ ., 1980; O ya ll-Sm ith  and Holmes, 1981).
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U su a lly  the e n t i r e  length  o f each segment Is  tran sc rib ed  
and tra n s la te d  (B is h o p , 1977). Each o f the s e ro lo g ic a l ly  
u n re la ted  groups o f the re o v lru s  fa m ily  ( f i g . 2) has a 
d is t in c t iv e  RNA p a tte rn  on p o lya c ry lam id e  gel e le c t r o ­
p h o res is  (PAGE) ( S t a n le y ,  1981) and most o f these groups 
a re  d iv id e d  in to  se ro types  w ith  the same b a s ic  RNA p a tte rn  
but showing s u b s ta n t ia l h e te ro g e n e ity  in the m ig ra tion  of 
in d iv id u a l segments (Ramig et^ a l_ . , 1977; Hrdy et_ a j_ ., 1979; 
Rodger e t  a l . ,  1975; Ka 1 ica  et_ a j_ ., 1978; Rodger e t  a 1 . ,  
1981). Th is h e te ro g e n e ity  has been u se fu l In determ in ing 
reassortm ent o f th e  RNA's between se ro typ es  o f re o v iru se s  
and ro ta v iru se s  (C ross and F ie ld s ,  1976; Greenberg e t  a l . ,  
1981b; C larke  and McCrae, 1982). O ther members o f the 
fa m ily  a ls o  undergo genome reassortm ent (S t a n le y ,  19 8 1 ). 
Th is p roperty  has been e x p lo ite d  In g e n e t ic  experim ents 
to  determ ine the gene fu n c t io n s  o f d i f f e r e n t  segments, 
as described  in s e c t io n  1 .3 .5«
1 .3 .1 .2  Reovlrus O lig o n u c le o tid e s
About 25% o f th e  to ta l RNA In re o v lru s  p a r t ic le s  Is  
s in g le  stranded RNA (Sh a tk ln  and S lp e , 1968; Bellam y 
e t a l_ . , 1972). T h is  s in g le  stranded  RNA is  in the 
form of short m o lecu les w ith  ppp a t  t h e ir  5 ' ends - 
one th ird  of these a re  o lig o a d e n y la te s  w ith  on ly  
adenosine , and the re s t  a re  GCqH , GCUQH, GCUAQH
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GCUA(U) i - i,UqH o r GCUA(A) i - 3AqH o r the 5 ' G-term inated 
o lig o n u c le o t id e s  (N icho i s et  ^ a_1_., 1972; Bel lamy e t a i . ,  
1972). The sequence o f these is  com parable to the 5 ' 
term inus o f re o v iru s  p lus s tra n d s , a l l  o f which have 
the sequence GCUA a t  t h e ir  5* end ( L i  e_t a j_ ., 1980) 
and these o lig o n u c le o t id e s  a re  th e re fo re  c le a r ly  
products o f a b o r t iv e  t r a n s c r ip t io n .  P o s s ib le  mechanisms 
fo r  the production  o f the o lig o a d e n y la te s  and the 9 ' 
G-term inated o lig o n u c le o t id e s  a re  o u t l in e d  in 
s e c t io n  1 . 3 . 3 . 1 . 2 .
1 .3 .1 .3  Sequences o f  Reovirus RNA
There have been seve ra l re cen t re p o rts  on the 
sequences o f re o v iru s  genes which a re  o f in t e r e s t  in 
in v e s t ig a t in g  the c o n t ro ls  th a t re g u la te  t r a n s la t io n .
Each re o v iru s  mRNA is  t ra n s la te d  a t  a d i f f e r e n t  freq u en cy , 
and t h is  appears to  be c o n tro lle d  by the sequences o f  the 
genes them selves ( J o k l i k ,  1981). The p o s s ib i l i t y  th a t  the 
ten re o v iru s  RNA segments had complementary ends which 
a llow ed  a l l  o f them to  a s s o c ia te  to g e th er and enab led  the 
v iru s  to  in co rpo ra te  the a p p ro p ria te  RNA's during  
morphogenesis was q u ic k ly  ru led  out by showing th a t the 
te rm inal d in u c le o t id e  sequences o f a l l  the re o v iru s  genes 
were id e n t ic a l (B an n e rjee  and S h a tk ln , 1971;
Mlura e_t £ j_ ., 1974). More com prehensive sequence a n a ly s is  
o f the 5 ' term inal sequences o f s ix  re o v iru s  mRNA's was
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undertaken by Kozak and Shatk in  (Kozak and Sh a tk in ,
1977, 1977b; Kozak, 1977), and they noted l i t t l e  
s im i la r i t y  between them, except th a t they a l l  had a 
5 ‘ te rm in a l sequence o f GCUA. The 5 ' ends o f these 
genes had been is o la te d  by RNAase trea tm ent o f mRNA's 
bound to  e ith e r  kOS ribosome subun its  so th a t  on ly  the 
te rm in a l 50-60 res id u es  were p ro tected  from d ig e s t io n  or 
to  80S ribosomes which p ro tected  about h a l f  o f  these 
re s id u e s , in c lu d in g  the in i t ia t io n  codon AUG lo ca ted  
15-33 res idu es from the 5 ' end. Sequencing a ls o  showed 
th a t the mRNA1s possess ve ry  l i t t l e  secondary s t r u c t u r e - 
e .g .  the S I gene o f re o v iru s  sero type  2 has o n ly  one 
p o ss ib le  h a irp in  loop co n ta in in g  3 te rm in a tio n  codons 
(Kozak and S h a tk in , 1977b; L I e t  a ]_ ., 1980; F i g . 5 ) ,  
w h ile  the S2 gene does not have any loop and o th e r mRNA1s 
may a ls o  la ck  i t  ( J o k l i k ,  1981). A l l  mRNA's have a sh o rt 
5* sequence complementary to  the 3* end o f 18S ribosomal 
RNA known as a Sh ine and Oalgarno sequence (S h in e  and 
Dalgarno , 1971*; Kozak and Sh a tk in , 1978). Each mRNA has 
a d i f f e r e n t  Sh ine and Oalgarno sequence. The mRNA's a ls o  
have 6-10 res idu es o f com plem entarity near the 5 ‘ and 3 ' 
ends which a llo w  the two ends to a s s o c ia te  ( L I  e t  a I . .
1980; F i g . 5 ) ,  so i t  appears th a t sequences upstream from 
the in i t ia t io n  codon can a s s o c ia te  e ith e r  w ith  th e ir  own 
3 ' term inus o r  w ith - 3 ' sequences of 18S ribosom al RNA.
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This may be p a r t  o f a c o n tro l mechanism to  re g u la te  the 
frequency o f t r a n s la t io n  o f each gene. McCrae (1981) 
and L i ^t_ aj_. ( 1980b) showed th a t the te rm in a l sequences 
o f the re o v iru s  mRNA segment S2 a re  id e n t ic a l to  the 
p lus stran d  o f  dsRNA. The ends a re  not m od ified  as in 
the case o f in flu en z a  v iru s  mRNA which is  a p rem atu re ly  
term inated  copy o f the minus s t ra n d , w h ile  p o s it iv e  sense 
tem plates a re  f u l l  length co p ies  (Hay a_l_. 1977).
McCrae (1981) showed tha t the ends o f a l l  10 mRNA's were 
id e n t ic a l to the p lus s tran d  o f dsRNA.
The re o v iru s  S I gene codes f o r  the re o v iru s  type 
s p e c i f ic  a n t ig e n  o l ,  and so a com parative  study o f the 
3 1 ends o f  both strands o f the S I genes o f th ree  re o v iru s  
sero types was undertaken to  determ ine  the g en e tic  b a s is  
o f th is  t y p e - s p e c i f ic i t y  and to id e n t i f y  conserved and 
v a r ia b le  reg io n s  (L i  «  1980). The 3 ' end o f the
minus s trand  p rovided  the sequence fo r  the 5 ' end o f the 
p lus s tra n d . About 80 bases o f each end were sequenced, 
so the a n a ly s is  included a s u b s ta n t ia l p a rt o f the coding 
reg io n , which began about 15 bases from the 5 ' end and 
term inated about AO bases from the 3 ' end ( M g .6 ) .  
Comparison o f the coding reg ion s from the th ree  se ro types 
revea led  much d i s s im i l a r i t y ,  but the f in a l  r a t io  o f 
n e u t r a l,  charged and hydrophobic amino a c id s  were s im ila r  
In each c a se . As expected , the ends o f the genes were
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more homologous - about 20 bases a t  the 3 ‘ ends showed 
su b s ta n t ia l homology, w h ile  the 5 ' ends had 6-9 Id e n t ic a l 
bases fo llo w ed  by 6-9 w ith o u t homology before  the In i t ia t io n  
codon. The sequences o f each o f the L 3 , M3 and S2 genes 
from the th ree  sero types showed th a t these a l l  had more 
sero type  homology than S I ( J o k l i k ,  1981). Each had 
id e n t ic a l sequences between the 5 ‘ ends and the In i t ia t io n  
codons, id e n t ic a l coding reg io n s  fo r  the f i r s t  10-20 codons 
and strong s im i l a r i t i e s  a t  the 3 ' ends. V a r ia t io n  in the 
sequences o f these genes thus r e f le c te d  the v a r ia t io n  in 
the p ro te in s , a lthough the p ro te in s  may a ls o  d i f f e r  by 
p o s t- tra n s la t io n a l m o d if ic a t io n s  and secondary s t ru c tu re .
1 .3.1.1» R o ta v iru s  double stranded RNA
The c h a ra c te r is a t io n  o f the ro ta v iru s  genome as double 
stranded RNA by Newman e t aj_. (1 9 7 5 ), Roger e t aj_. (1975) and 
Schnagl and Holmes (1976) p rov ided  fu r th e r  evidence  fo r  
c la s s i f y in g  these  v iru s e s  as p a r t  o f  the re o v lru s  fa m ily . 
R o ta v iru s  RNA was shown to be double stranded by I t s  RNAase 
re s is ta n c e , o rc in o l and d iphenylam ine re a c tio n s  and thermal 
d en a tu ra tio n  p r o f i l e .  PAGE a n a ly s is  showed th a t the RNA 
was segmented and the segments were g e n e ra lly  sm a lle r In 
s iz e  than re o v lru s  segments and d id  not f a l l  In to  d is c re e t  
s iz e  c la s s e s  (Rodger e£ a ]_ ., 1975; Newman e t a I . .  1975).
However, the e leven  RNA segments formed an e le c tro p h o re t ic  
p a tte rn  which was c h a r a c t e r is t ic  o f ro ta v iru se s  (M cN u lty , 1979).
-  1*0 -
.3 .1 .**  ( C o n t ' d ) .
The RNA from the fo llo w in g  ro ta v ir u s e s  has the same 
b a s ic  e le c tro p h o re t ic  p a tte rn : c a l f  (Newman e t a l . ,
1975: Rodger et_ aj_. , 1975: V e r ly  and Cohen, 1977;
K a llc a  e t a l . ,  1978), human (K a l ic a  e t  a [ . ,  1976; 1978; 
Espel j o  e^ £j_. , 1977; Schnagl and Holmes, 1976), 
p ig  (Todd and M cN ulty, 1976), lamb (Todd and M cN u lty , 
1977), sim ian [SA-11 ] (K a lic a  £ t  a j_ . , 1978), tu rkey 
and ch icken  (Todd et  ^ aj_. , 19 8 0) . The m o lecu la r w eight 
o f the RNA segments ranges from about 2.2 x 10s dal tons 
to 0.2 x 106 dal tons g iv in g  a combined m o lecu la r w eight 
o f about 11 x 106 d a lto n s , w h ile  10 segments o f reo v tru s  
RNA have a m olecu lar w eight o f ap p ro x im ate ly  15 x 10s 
d a lto n s  and the th ree  la rg e s t  re o v lru s  RNA segments a re  
la rg e r  than the la rg e s t  ro ta v ir u s  RNA (see  f l g . 1 ) .  The 
a n t lg e n lc a l ly  d is t in c t  ro ta v iru s e s  (see  se c t io n  1 .2 .2 ) 
have e leven  segments o f r o t a v ir u s - l ik e  RNA, In the  same 
s iz e  range as o th e r ro ta v iru se s  bu t these  form a d is t in c t  
e le c t ro p h o re t ic  p a tte rn  to the ro ta v ir u s e s  described  
above ( f i g . 7, McNul ty  e t a l_ . , 1981 ; B r ld g e r  e t  a l_ . , 1982).
The general RNA p a tte rn  on PAGE o f the o r ig in a l  
ro ta v iru s  group Is  s im ila r  bu t, a s  in the case  o f re o v iru s , 
there  is  su b s ta n t ia l h e te ro g e n e ity  In the m ig ra tio n  o f 
in d iv id u a l RNA segments, when RNA p a tte rn s  from d i f f e r e n t  
ro ta v iru s  Is o la te s  a re  compared (K a l lc a  et_ aj_. , 1978;
Rodger and Holmes, 1979; Todd et_ a_l_., 1910). R o ta v iru ses
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F i g . 7 Schem atic diagram comparing the r e la t iv e  s iz e s  o f 
re o v iru s  and ro ta v iru s  genomic RNA (adapted from 
PAGE p r o f i le s  shown in Todd e t  a l .  (1980 ).
a ) b)
Reo virus R o ta v iru s
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1 . 3 . 1 . A ( C o n t ' d ) .
from d i f f e r e n t  animal and a v ia n  sp ec ies  belong to 
d i f f e r e n t  se ro types  and because o f the h e te ro g en e ity  
in the RNA p a t te rn s , i t  was thought th a t comparison 
o f RNA p r o f i le s  might se rve  as a use fu l a l t e r n a t iv e  
to  s e ro typ in g . However, d if fe re n c e s  in RNA p a tte rn  
do not appear to  c o r r e la t e  to  sero type  so the 
s ig n if ic a n c e  o f each d i f f e r e n t  RNA p a tte rn  is  not ye t 
known. M a tte rs  a re  a ls o  com p lica ted  by d iv e r s i t y  in 
the RNA p a tte rn  o f is o la te s  from the same animal 
s p e c ie s , in c lu d in g  c a lv e s ,  humans, p igs and tu rkeys 
(V e r ly  and Cohen, 1977; K a lic a  £ t aj_. , 1978b;
Todd £ t aj_. , 1980; Espe jo  et  ^ , 1980; Rodger e t a l . , 
1981). The e p id em io lo g ica l study o f Rodger aj_. (1981) 
id e n t if ie d  19 d i f f e r e n t  e le c tro p h e ro typ e s  o f human 
ro ta v iru s e s  and a lthough d i f f e r e n t  se ro types a re  known 
to e x is t  w ith in  animal s p e c ie s , the number o f human 
ro ta v iru s  se ro types  id e n t if ie d  is  3 o r  k ra th e r  than 19 
(F le w e tt  e t a j_ . , 1978; Beards e t  a j_ ., 1980; Z is s is  e t a l_ . , 
1981). T h e re fo re  I t  seems th a t much, i f  not a l l ,  o f the 
v a r ia t io n  in m ig ra tio n  o f  RNA is  u n re la te d  to  sero type  
and cannot be used to  c l a s s i f y  s t r a in s .  The best 
c o r r e la t io n  found between RNA p a tte rn  and se ro lo g ic a l 
group is  shown in the case  o f the  two 'subgroups' 
Id e n t i f ie d  In the EL ISA  assay (Z i s s is  and Lam bert, 1980, 
Kaplkian e_t a_1_. , 1981). These c o r r e la t e  w ith  the two main 
ro ta v iru s  e le c tro p h e ro typ e s  which d i f f e r  In the m ig ra tion
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of RNA segments 10 and 11 and a re  known as the 's h o r t ' 
and 'lo n g ' e le c tro p h e ro typ e s  (D ya ll- Sm ith  and Holmes, 
1981 ; Kal lea et_ a j_ ., 1981 b ) . However, one o n ly  fin d s  
these two b a s ic  v a r ia n ts  and , w h ile  human ro ta v iru se s  
a re  d iv id ed  in to  two ELISA  subgroups and the c o r re s ­
ponding e le c tro p h e ro ty p e , the ro ta v iru s e s  from o th e r 
animal sp ec ies  f i t  in to  one o f these two groups 
(KapiKian e£ a_l_. , 1981) . A ttem pts to  c o r r e la te  
n e u t r a l iz a t io n - s p e c i f ic  se ro typ e  w ith  RNA m ig ra tio n a l 
d if fe re n c e s  have been u n s u c ce s s fu l, p o ss ib ly  p a r t ly  due 
to the fa c t  th a t the g en e (s ) cod ing  fo r  ty p e - s p e c if ic  
n e u t ra liz a t io n  (segment 5 o r  9 described  in se c tio n  
I . 3 . 1*) m igrate  very  c lo s e ly  w ith  segment 7 and 
m ig ra tio n a l d if fe re n c e s  in any one o f these  genes a re  
d i f f i c u l t  to  d e te c t . in any c a s e , v a r ia t io n  in RNA's 
from d if f e r e n t  sero types may not be r e s t r ic t e d  to  RNA's 
coding fo r  the an tigen  in q u e s t io n . Fo r example, 
a lthough subgroup s p e c i f i c i t y  is  determ ined by gene 
segment 6 (K a iic a  e t a j_ ., 1981) , th is  segment does not 
show s ig n i f ic a n t  m o b ility  v a r ia t io n  w h ile  the two 
subgroups a re  c h a ra c te r is e d  by the  re ve rsa l in m o b ility  
o f segments 10 and 11 described  above.
Although ro u tin e  a n a ly s is  o f  sero types cannot a t  
p resen t be ach ieved  by a n a ly s is  o f  RNA, the RNA p r o f i le  
o f Is o la te s  may p rovide  more s p e c i f ic  In fo rm ation  about
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the  o r ig in  and ep idem io logy o f the v ir u s  as i t  can show 
p e rs is te n c e  o r  v a r ia t io n  o f  d i f f e r e n t  is o la te s  
( Espe jo  e£ a JL  , 1980; Rodger e_t a j_ . , 1981). Fo r example, 
th e  ep id em io lo g ica l su rvey by Rodger e_t aj_. , (1981) 
showed th a t  the v iru s  is o la te s  tended to  p e r s is t  o ver a 
12-21« month period  be fo re  be ing  succeeded by a new typ e , 
w hich  in many cases was no t a d i f f e r e n t  se ro typ e .
Rodger e t a l .  a ls o  showed a s ig n i f ic a n t  ep id em io lo g ica l 
d i f fe r e n c e  between v iru s  is o la t e s  recovered  from neonates 
and those from young c h i ld r e n ,  as is o la te s  from neonates 
p e rs is te d  in a h o sp ita l fo r  s e v e ra l y e a rs  w h ile  those 
from  c h ild re n  changed f r e q u e n t ly .  T h is  in fo rm atio n  would 
not have been a v a i la b le  by se ro typ in g  as the new is o la te s  
were not u s u a lly  d i f f e r e n t  se ro typ e s .
Study o f v a r ia t io n  in RNA's o f d i f f e r e n t  ro ta v iru s  
is o la te s  has been extended by C la rk e  and McCrae (1982 ), 
who an a lysed  T, o lig o n u c le o t id e  p a tte rn s  o f each gene 
segment o f se ve ra l bovine ro ta v ir u s  Is o la t e s .  T h e ir  
e v id en ce  suggested th a t the amount o f v a r ia t io n  in 
sequence was not c o r re la te d  to  changes in m o b il i t y ,  i . e .  
sequence changes a t  le a s t  as g re a t as those found in 
segments showing v a r ia t io n  in e le c t r o p h o re t ic  m o b ility  
were a ls o  de tected  in segments showing no such v a r ia t io n .  
Segments k and 11 (coding f o r  VPA and VP10) showed the 
g re a te s t  degree o f sequence v a r ia t io n  (even when th e re
- kk
was no m o b ilit y  change) w h ile  the o th e r RNA segments, some 
o f which show changes in m o b il i t y ,  were more h ig h ly  conserved 
in sequence. T h e re fo re , the e le c tro p h o re t ic  m o b ility  d i f f e r ­
ences o f RNA segments cou ld  be le s s  s ig n i f ic a n t  than has been 
p re v io u s ly  assumed. By analogy w ith  in flu en za  v iru s e s  (P a ie s e  
and Schuiman, 1976) these  minor changes cou ld  be a re s u lt  of 
a n t ig e n ic  ' d r i f t 1, i . e .  s in g le  m u ta tio n s , w h ile  the major 
changes in sequence seen in gene segment 11 cou ld  be the re s u lt  
o f  a n t ig e n ic  ' s h i f t 1, o r  gene reassortm ent between two v iru s e s  
s im u ltan eou s ly  in fe c t in g  a s in g le  h o s t. C la rk e  and McCrae (1982) 
have suggested gene reassortm ent as a method o f producing the 
d iv e r s i t y  seen In gene segment 11 because o f the 5 is o la te s  
a n a ly se d , th e re  a re  two d is t in c t  c la s s e s  o f segment 11 which 
a re  s ig n i f ic a n t l y  d i f f e r e n t  and e vo lu t io n  by a n t ig e n ic  d r i f t  
in two separa te  v iru s e s  would be u n l ik e ly  to  produce s im ila r  
m ajor changes. Gene reassortm ent in ro ta v iru s e s  has been 
shown to  occur a t  high frequency in la b o ra to ry  experim ents 
(Matsuno e t a I . ,  1980; Greenberg e£ a j_ . , 1981b), and is o la te s  
from a s in g le  animal which con ta in  two d is t in c t  v iru s e s  have 
a ls o  been found (C la rk e  and McCrae, 1982), so v a r ia t io n  o f 
ro ta v iru s e s  in the w ild  as a re s u lt  o f gene reassortm ent Is  
p o s s ib le . P re lim in a ry  work on sequencing and c lo n in g  of the 
ro ta v iru s  genome was reported  by McCrae and McCorquodale 
(1982b; 1983). The 3* te rm in a l o c ta n u c le o t Id e s  o f the e leven  
p lu s  strands and mRNA o f c a l f  and human ro ta v iru s  a re  id e n t ic a l ,  
as a re  the 3 ' o c ta n u c le o t Id e s  of the minus s tra n d s . In s e r t io n  
o f the genome segments In to  the p lasm id PAT 153 and grown In 
E . c o l I  has been su ccess fu l but expression o f these cloned 
sequences has ye t to  be determ ined.
1 . 3 . 1 . A ( C o n t ' d . )
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1 .3 .2  P o l y p e p t id e s ,  v a r i a t i o n  and a n t ig e n s
1.3.2.1 Reovirus Polypeptides
R eo virus s t ru c tu ra l po lyp ep tid es  were f i r s t  stud ied  
by Loh and Sha tk in  (1968) and la t e r  by Sm ith e^ aj_. (1969 ), 
who dev ised  the nom enclature. These au thors id e n t if ie d  
7 s t ru c tu ra l p o lyp e p tid e s , and th is  was la t e r  increased  
to n ine  by Both «st aj_. (1975 ). The p o lyp ep tid es  a re  
l i s t e d  in Tab le  3. The p o lyp ep tid e  p a tte rn  is  f a i r l y  
s im p le , as w i l l  be d iscussed  la t e r ,  s in ce  most p o lyp ep tid es 
a re  prim ary gene products and th e re  a re  o n ly  two non- 
s t ru c tu ra l p o lyp ep tid es . The s t ru c tu ra l p ro te in s  a re  
a sso c ia te d  w ith  e ith e r  the co re  o r  the o u te r  s h e l l ,  and 
the approxim ate number o f m olecu les o f each p ro te in  per 
v i r io n  has been e s tim a ted , as seen in ta b le  3. The 
c u rre n t  s ta tu s  o f each p o lyp ep tid e  is  d iscussed  below.
A. Core P ro t e in s . The inn er s h e ll o f re o v iru s  is  
known as the c o re . T h is  com prises about 30% o f 
the p ro te in  mass, and co n ta in s  m ajor p o lyp ep tid es  
Ax(105 m olecu les per v i r i o n ) ,  X2 (60 m olecu les 
per v i r io n )  and g2 (200 m olecu les per v i r io n )  as 
w e ll as minor components X3, p2 (o f which th e re  a re  
le ss  than 12 m olecu les per v i r io n )  and ul (20 
m olecu les per v i r i o n ) .  The fu n c tio n  and 
d is t r ib u t io n  o f the th ree  m inor core  p ro te in s  Is  
unknown. None o f the co re  p ro te in s  appear to  be 
a sso c ia te d  w ith  dsRNA as empty p a r t ic le s  (p a r t ic le s  
la ck in g  dsRNA) have the same p ro te in  com position  as
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.3.2.1 A. Core P r o t e in s  ( C o n t ' d ) .
complete p a r t i c le s  and ,as the co re  c a v i t y  is  on ly  
ju s t  la rge  enough to accommodate the known mass 
o f genomic dsRNA and the o lig o n u c le o t id e s  a lw ays 
found in v i r io n s  (s e c t io n  1 .3 .1 .2 ) ,  o n ly  one of 
the minor p o lyp ep tid es  co u ld  f i t  in to  the 
space. No a s s o c ia t io n  o f any o f these  minor 
p ro te in s  w ith  dsRNA has been dem onstrated.
Of the m ajor p o lyp e p tid e s , X2 is  the major 
component o f the  12 p ro je c t in g  co re  sp ikes 
(W h ite  and Zw eerin k , 1976). Each sp ike  has been 
shown by c ro s s - lin k in g  to  be a pentamer o f X2 
(Ralph  «rt aj_. , 1980). These sp ikes appear to  p ro je c t  
through the o u te r  s h e ll and to  be exposed on the 
v ir io n  s u r fa c e , as monoclonal an tib o dy to  X2 re a c ts  
s tro n g ly  w ith  com plete v i r u s  p a r t ic le s  (Hayes e t a l . ,  
1981). The o th e r  two m ajor co re  components ( X I and 
o2) probab ly form a network o f capsomeres co n ta in in g  
1 m olecule o f X I to  2 m olecu les o f a2 . XI is  more 
re a d i ly  lo d in a ted  than a2 and may th e re fo re  be 
c lo s e r  to the co re  su rfa ce  (W h ite  and Zw eerink ,
1976). I t  has been suggested th a t a l l  th ree  o f the 
major core  p o lyp ep tid es  form p a rt o f the t ra n s c r ip t io n  
enzyme complex (see  se c t io n  1 .3 .3 .1 )>  but there  Is 
l i t t l e  evidence  fo r  th is  a t  p resen t.
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c o n s is ts  o f  th ree  po lyp ep tid es  - a3 (900 m olecu les 
per v i r io n )  p ic  (550 m olecu les per v i r io n )  and ol 
(21* m olecu les per v i r i o n ) .  o3 and p ic  between them 
com prise more than 60% o f the to ta l re o v iru s  p ro te in  
mass and p ro v id e  the network o f the o u te r s h e l l ,  
p o ss ib ly  in capsomeres o f 1 m olecu le  o f p ic  to  
2 m olecu les o f o3• These p ro te in s  have strong 
a f f i n i t y  fo r  each o th e r - more than 50% o f  each of 
these  p ro te in s  in in fe c te d  c e l l s  a re  a lw ays 
complexed tog eth er (Huismans and J o k l i k ,  1976).
Removal o f o3 from the o u te r  su rfa ce  by chym otrypsin  
accen tu a te s  the appearance o f the capsomer s t ru c tu re ,  
and i t  has been suggested th a t o3 forms the outerm ost 
sp ikes and p ic  the capsomers a t  the base o f the 
sp ikes (A s t e l l  et  ^ a_l_., 1972). The f a c t  th a t  su b v ira l 
p a r t ic le s  la ck  a3 but have a 12,000 d a lto n  fragm ent 
o f p ic  and the fa c t  th a t monoclonal a n t ib o d ie s  to  
both a3 and a l n e u t ra liz e  re o v iru s  In f e c t i v i t y  w h ile  
those to p ic  do n o t, suggest th a t o3 is  the outerm ost 
p o lyp ep tid e  (Hayes et_ a j_ . , 1981). An unusual p ro pe rty  
o f o3 I s i t s  strong a f f i n i t y  fo r  dsRNA; the f r e e  form 
o f o3 b inds to  po ly l:po1y C. The lo c a t io n  o f the 
minor p o lyp ep tid e  o l is  u n c le a r ,  but I t  must be 
exposed as I t  Is  the most im portant p o lyp ep tid e  fo r  
i n f e c t i v i t y  and v iru le n c e ,  and is  the n e u t r a l is a t io n  
an tig en  and haem agglutIn In . o l may be c lo s e  to (o r 
on) the co re  sp ikes as an tib ody to  A2, but not to
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o3 o r p ic ,  can prevent a n t i ( a)a 1 b ind ing  to  c l 
(Lee e t  a j_ . , 1 9 8 lb ). The fu n c tio n s  o f c l  w i l l  be 
d iscussed  in se c t io n  1 .3 .5 .
Comparisons o f re o v lru s  po lyp ep tid es from the 
th ree  sero types revea led  th a t c l is  the most type- 
s p e c i f ic  by Immune p r e c ip it a t io n  (G a i l la r d  and Jo k l lk ,  
1981), n e u t r a l is a t io n  (Hayes et_ al_.., 1981) and In i t s  
pep tide  map (Gentsch and F ie ld s ,  1981).
3 .2 .2  Comparisons of Reo virus po lyp ep tid es  between the three 
se ro types . Ram I g et_ aj_. (1977) compared po lyp ep tid es 
from each o f  the th ree  sero types by p o lyacry lam id e  gel 
a n a ly s is ,  and found su b s ta n t ia l h e te ro g e n e ity  In 
m ig ra tio n  o f each o f the po lyp ep tid es  (T ab le  U). Th is 
was expected fo r  o u te r s h e ll p o lyp ep tid es , and had 
p re v io u s ly  been noted among bluetongue sero types 
(De V i l  H e r s ,  1971* ) ,  but was somewhat s u rp r is in g  among 
co re  p ro te in s  which might be expected to  be fu n c t io n a lly  
conserved . Th is h e te ro g e n e ity  was ana lysed  fu r th e r  by 
t r y p t i c  pep tide  mapping o f o u te r cap s id  po lyp ep tid es 
(Gentsch and F ie ld s ,  1981). u lc  d isp la yed  more 
co n se rva tio n  between the sero types than expected (as 
th is  p ro te in  v a r ie s  In I t s  re s is ta n c e  to  p ro teases 
(s e c t io n  1 .3 .5 ) ,  w h ile  o3 and c l had both conserved 
and unique t r y p t ic  p ep tid es . The degree o f d ivergence
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TABLE k
Po lyp ep tid e  h e te ro g e n e ity  o f re o v iru s  se ro typ es  
1, 2 and 3: Summary o f the d is t in g u is h a b le  
m o lecu la r w eight d if fe re n c e s ,  (from  Ramig e t  a l . ,  
1977).
Po lyp ep tid e Compari son
*1 1 * 2 - 3D
*2 1 « 2 - 3D
*3 1 * 2 - 3D
Ml 3D * 2 * 1 - 3A
p ic 3D * 2 * 1 - 3A
(jNS 1 * 2 - 3A - 30
ol 2 - 3A « 1 * 3D
o2 1 .  2 * 3A - 3D
oNS 2 » 1 - 3A - 3D
a3 2 * 3A » 3D - 1
1 * Sero type 1, 2 - Sero type  2, 3 ■ Sero typ e  3
D ■ Dearing S t r a in ,  A - Abney S t r a in .
* d e te c tab le  d if fe re n c e  in m ig ration  o f p o lyp ep tid es  
between sero types by PAGE.
no d e te c tab le  d if fe r e n c e .
3 .2 .2  ( C o n t ' d ) .
was s l ig h t  enough to  suggest a common a n c e s tra l source 
fo r  the mammalian re o v iru se s  w ith  subsequent e vo lu t io n a ry  
d ive rg en ce  acco un ting  fo r  the changes.
3 .2 .3  R o ta v iru s  Po lyp e p tid e s
The number, lo c a t io n  and o r ig in s  o f the s t ru c tu ra l 
po lyp ep tid es  o f ro ta v ir u s  have been more d i f f i c u l t  to 
e lu c id a te  than those  o f re o v iru s  and th e re  has been much 
co n tro ve rsy  about the po lyp ep tid e  p a tte rn  and nom enclature. 
As these v iru s e s  d id  not grow in t is su e  c u lt u r e ,  e a r l i e r  
work id e n t if ie d  s t ru c tu ra l p o lyp ep tid es  o f n a tu ra l ly  
o ccu rr in g  v iru s e s  p u r if ie d  from faeces (Newman e t a l . ,
1975; B r id g e r  and Woode, 1976; Rodger £ t  a j_ . , 1975, 1977; 
Todd and M cN u lty , 1977; K a lic a  and Theodore, 1979). There 
were many d if fe re n c e s  in both the number and m o lecu la r 
w eights o f  the p o lyp ep tid es  found in these  s tu d ie s , and 
the d i f f e r e n t  nom enclature used by each group a ls o  caused 
co n s id e ra b le  co n fu s io n . However, McNulty (1979) o rgan ised  
the po lyp ep tid es  In to  a b a s ic  p a t te rn . Tab le  5 shows the 
s im i l a r i t i e s  and d if fe re n c e s  o f  the po lyp ep tid es  found 
by the above g roups, and is  based on the p r o f i le  and 
nom enclature o f Rodger e t aj_. (1977 ). Most o f the 
d if fe re n c e s  a re  In the m o lecu la r w eights o f the 
p o lyp ep tid es  and In  the number o f minor p o lyp ep tid es .
There appeared to  be general agreement th a t VP5, VP7, VP8 
and p o ss ib ly  VP9, a re  o u te r s h e ll p o lyp e p tid e s , w h ile
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1 .3 .2 .3 . (C o n t’d ) .
the  re s t a re  found in s in g le  s h e lle d  p a r t ic le s .  The 
f a i l u r e  of the e a r ly  attem pts (Newman e^ £ ]_ ., 1975;
B r id g e r  and Woode, 1976; Todd and M cNulty, 1976) to 
d e te c t many low m olecu lar w e igh t po lyp ep tid es in c a l f  
r o ta v ir u s ,  and o f K a iic a  and Theodore (1979) to d e te c t 
low m olecu lar weight po lyp ep tid es  in SA-11 (s im ian ) 
ro ta v iru s  was probably a com bination  o f poor re s o lu t io n  
and low v iru s  co n cen tra tio n . These v iru s e s  were m a in ly  
p u r if ie d  from fae ca l m a te r ia l,  and the amount o f p ro tease  
p resen t in the samples was not d e fin ed  and, as ro ta v ir u s  
po lyp ep tid es  a re  processed by p ro te a s e s , th is  fa c to r  
a lo n e  could have in fluenced  the p o lyp ep tid e  p a tte rn . 
Matsuno and Mukoyama (1979) and Thouless (1979) s tu d ied  
po lyp ep tid es  o f ro ta v iru s  grown in c e l l s  and la b e lle d  
w ith  35S-methion!ne. Thouless grew v iru s  in the p resence 
o f 10 pg/ml try p s in  and Matsuno and Mukoyama compared 
p o lyp ep tid e  p a tte rn s  of ro ta v iru s e s  grown in the absence 
o f t ry p s in  e it h e r  untreated  o r  t re a te d  w ith  10 pg/ml 
t r y p s in .  These stu d ies  th e re fo re  c h a ra c te r is e d  the 
products o f p ro tease- ac tiva ted  v ir u s  p a r t ic le s  under 
known co n d itio n s  and th e ir  r e s u lt s  a re  included in 
Tab le  5. Seve ra l recent s tu d ie s  on ro ta v iru s  s t ru c tu ra l 
po lyp ep tid es (C la rk  £ t a j_ ., 1981; Es tes  e_t a j_ ., 1981;
McCrae and Fau lkner-Valle  , 1981; D ya ll-Sm ith  and Holmes, 
1981) have helped to provide a c le a r e r  p ic tu re  o f ro ta v ir u s  
s t ru c tu ra l p ro te in s , which agrees w ith  the p a tte rn  seen by
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Thouless (1979 ). T h e ir  work w i l l  be d iscussed  in d e ta i l  
in  the next se c tio n  and th a t  on in v it ro  t r a n s la t io n  and 
p ro cess in g  o f ro ta v iru s  p o lyp ep tid es  (1 .3 .4 .2 ) ,  but the 
c u rre n t  s ta tu s  o f r o ta v ir u s  p o lyp ep tid es  is  summarised 
in  Tab le  6.
3.2.1« Topography and fu n c t io n  o f ro ta v iru s  po lyp ep tid es
R o ta v iru s  p o lyp ep tid es  can be separated  in to  In n e r and 
o u te r  p ro te in  sh e lls (T a b le  6 ) ,a s  n a t u r a l ly  o ccu rr in g  s in g le  
s h e lle d  and double s h e lle d  p a r t ic le s  a re  separab le  by CsCl 
d e n s ity  g ra d ien t c e n t r ifu g a t io n  (Rodger £ t a j_ ., 1975) and 
trea tm ent o f v ir io n s  w ith  1 .5 mM EOTA s p e c i f i c a l l y  removes 
the  v i r a l  o u te r sh e ll p ro te in s  (Cohen, 1977). Current 
understand ing  o f the topography and fu n c t io n  o f each o f 
th e  p ro te in s  is  l im ite d . The in fo rm atio n  is  o u t l in e d  below.
Inner s h e ll p o lyp e p tid e s . The inner s h e l l  com prises approx* 
im ate ly  60-70% o f the to ta l  p ro te in  mass (Novo and Esparza, 
1981) and was made up o f p o lyp ep tid es  VP1 , VP2 and VP6.
VP6 comprised app rox im ate ly  80% o f the p ro te in  mass o f the 
in n er s h e l l ,  VP2 20% and VP1 1%. Novo and Esparza (1981) 
us*d l2 5 l la b e l l in g  to  show th a t VP6 was le ss  re a d i ly  
io d in a ted  than VP1 o r  VP2, and concluded th a t VP6 was 
p a r t ly  obscured In v iru s  p a r t ic le s  by VP1 and VP2. They 
a ls o  estim ated  th a t th e re  were 6 m olecu les o f VP1 per 
v i r u s  p a r t i c le ,  11«0 o f VP2 and 989 o f VP6 , and proposed a
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Table  6 R o ta v lru s  p ro te in s
P ro te in Approximate
sp ec ies m o lecu la r w eight
VP (see  Chapter 4 ) . Lo ca tio n
1 125,000 Inner s h e l1
2 98,000 Inner s h e l1
3 
11
o
 o
 
o
 o
 
o
 o
00 00 o u te r s h e ll 
n o n - s tru c tu ra l
3* 78.000
76.000
inner s h e ll 
Inner s h e ll
4 .2 62,000 o u te r s h e ll
5*
5
51.000
50.000
inner s h e ll 
n o n - s tru c tu ra l
6 42,000 inner s h e ll
7 38,000 n o n - s tru c tu ra l
7.1 36,000 o u te r s h e l1
7.2
8
33,000
32.500
o u te r s h e )1 
n o n - s tru c tu ra l
9
vpr7
32.000
31.000
n o n - s tru c tu ra l
n o n - s tru c tu ra l
10
10c
27,000
26,500
n o n - s tru c tu ra l 
o u te r s h e ll
11
11c
24,500
23,000
n o n - s tru c tu ra l
7
12 20,000 n o n - s tru c tu ra l
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model fo r  the arrangem ent o f Inner sh e ll p o lyp e p tid e s . In 
t ry p s in - tre a te d  v i r u s  some c leavag e  products o f VP2, I . e .  VP3*, 
VP*** and VP5* a re  a ls o  seen in small q u a n t it ie s  (see  Sec tio n  
1.3-3.**.2 ) .  As is  the case w ith  re o v iru s , the v ir io n  p o ly ­
merase and the m e th y la tin g  and capping enzymes a re  a sso c ia te d  
w ith  one or a l l  o f  the inner sh e ll p o lyp ep tid es  as these 
fu n c t io n s  a re  c a r r ie d  out by the s in g le - s h e lle d  p a r t ic le s  
(Cohen, 1977; S e c t io n  3 ).
Outer sh e ll p o ly p e p t id e s . The ro ta v iru s  o u te r s h e ll com prises 
le s s  than **0% o f th e  to ta l p ro te in  mass (Novo and Esparza,
1981) In c o n tra s t  to  re o v iru s , where 70% o f the p ro te in  is  in 
the o u te r s h e ll (S e c t io n  1 .3 .2 .1 ) .  Po lyp e p tid e s  VP**.2, VP7 .1 , 
VP7 .2 , VP10 and VP**.3 a re  a l l  o u te r sh e ll p o lyp e p tid e s . Of 
these p o lyp e p tid e s , VP7.1 is  the major p o lyp ep tid e  and VP**.2 
is  the second most abundant. VP3 Is  p resen t in v e ry  small 
amounts (s e c t io n  1 .3 .5 .* * .2 ). VP7.2 has been id e n t if ie d  as a
n e u t r a l iz a t io n - s p e c i f ic  an tig en  (s e c t io n  6 ) .  Only some 
ro ta v iru s e s  can grow in t is su e  c u ltu r e ,  and t h is  a b i l i t y  is  
c o n tro lle d  by the product o f gene segment *♦ (Greenberg e t a l . .  
1981), which is  p robab ly  VP**.2 o r VP**.3 (McCrae and 
McCorquodale, 1983; Es tes  e t a ]_ ., 1981).
1 .3 .2 .5  Comparison o f ro ta v ir u s  po lyp ep tid es from d i f f e r e n t  se ro typ e s .
Thouless (1979) compared s t ru c tu ra l p o lyp ep tid es  of 
severa l r o ta v iru s  se ro typ es  and, w h ile  the p o lyp ep tid e  p a tte rn  
o f each se ro type  was s im ila r ,  minor m ig ra tlo n a l d if fe re n c e s  In
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a l l  the p o lyp ep tid es  were noted, as seen in Tab le  5. Cross 
and F ie ld s  (1977) had reported  m inor d if fe re n c e s  in a i l  
p o lyp ep tid es  o f re o v iru s  sero types 1, 2 and 3, which bears 
w e ll w ith  the  Thouiess r e s u lt .  Espejo  e£ a K  ( 1980) 
compared po lyp ep tid es  o f two human ro ta v iru s  types and 
noted d if fe re n c e s  in m ig ra tio n  o f p o lyp ep tid es  VP2, VP3 and 
the th ree  sm a lle s t o u te r sh e ll po lyp ep tid es  so , even among 
d if f e r e n t  s t r a in s  o f the same se ro typ e , q u ite  a degree o f 
d ivergen ce  was noted.
Th is study was extended by D ya ll-Sm lth  and Holmes 
(1981 ), who compared pep tide  p a tte rn s  o f the  p o lyp ep tid es  
from SA-11 and the human Wa s t r a in  o f r o ta v ir u s  using 
s in g le  dim ension pep tide  mapping. They found the pep tide  
p a tte rn s  o f a l l  the correspond ing  Inner s h e ll p o lyp ep tid es  
as w e ll as o f  VP10 from the  o u te r sh e ll to  be q u ite  s im i la r ,  
but noted marked d if fe re n c e s  between the two s t r a in s  in the 
pep tide  maps o f  the o u te r sh e ll p ro te in s  VP3 and VP7 and o f 
the n o n - s tru c tu ra l p ro te in  VP5. The p o lyp ep tid es  which 
d i f f e r  most In t h e ir  p ep tide  maps a re  the ones which a re  
id e n t if ie d  as the most t y p e - s p e c if ic  by Immune p r e c ip i t a t io n ,  
in  th is  th e s is .  The r e s u lt s  a re  c o n s is te n t w ith  a common 
a n c e s tra l source fo r  the d i f f e r e n t  ro ta v iru s  se ro types and 
e vo lu t io n a ry  d ivergen ce  o f se le c ted  p o lyp ep tid es .
-  S U  -
1 .3 .2 .6  Reo virus An tigens
R eo v iru ses , l ik e  most o th e r v iru s e s ,  have been shown 
to  have both group s p e c i f ic  and ty p e - s p e c if ic  a n t ig e n s .
The mammalian re o v iru se s  can be d iv id e d  in to  3 sero types 
by n e u t ra l iz a t io n  and haemagg1u t in a t io n  in h ib i t io n ,  but 
share common an tig en s  in complement f ix a t io n ,  immunodiffusion 
and im m unofluorescence. The a v ia n  re o v iru se s  can be d iv id ed  
in to  5 sero types by n e u t r a l iz a t io n ,  and they a ls o  share 
common a n tig e n s . There is  no a n t ig e n ic  o v e r la p  between av ian  
and mammalian re o v iru se s .
Reo virus an tig en s  were fu r th e r  c h a ra c te r is e d  by 
im m unoprécip ita tion . G a i l la r d  and Jo k l ik  (1980) immuno- 
p re c ip ita te d  p ro te in s  from re o v iru s - In fe c te d  c e l l s  w ith  
p o ly s p e c if ic  a n t is e r a  and showed th a t a l l  o f  them, except 
fo r  the minor p o lyp ep tid es  X3 and p2, were p r e c ip ita te d  by 
a n t is e r a  ra ise d  a g a in s t  p u r if ie d  re o v iru s . The e f f ic ie n c y  
o f p r e c ip ita t io n  o f each po lyp ep tid e  was measured as the 
re c ip ro c a l o f the an tiserum  d i lu t io n  th a t p r e c ip ita te d  
h a l f  o f the p ro te in  p resen t. The e f f ic ie n c y  o f 
p r e c ip it a t io n  v a r ie d  - the o u te r  cap s id  p ro te in s  p i c ,  o l 
and o3 and the co re  p ro te in  o2 a l l  reacted  w e l l .  The 
n o n - s tru c tu ra l p ro te in s  showed the weakest re a c t io n  but 
s in ce  the an tiserum  was ra ised  a g a in s t p u r if ie d  v i r u s ,  
th is  was not s u rp r is in g . The ty p e - s p e c if ic i t y  o f the 
po lyp ep tid es was measured by cross-immune p r e c ip it a t io n
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w ith  he te ro lo g o u s a n t is e r a ,  and o l , X2, p i c ,  o2 and o3 
a l l  showed a degree o f t y p e - s p e c i f ic i t y ,  o l was the 
most t y p e - s p e c if ic  a lthough not a b s o lu te ly  so - 
h e tero log ou s a n t is e r a  a t  a low d i lu t io n  p re c ip ita te d  
o l .  G e n e ra lly  the an tig en s  were s u rp r is in g ly  cross- 
r e a c t iv e ,  p robab ly  due to  some common a n tig e n ic  
d e te rm in an ts . By h y b r id is a t io n  o f  dsRNA 's, sero types 
1 and 3 a re  re la te d  by ap p ro x im ate ly  40$ w h ile  
sero type  2 is  re la te d  to  se ro typ e s  1 and 3 by le ss  
than 10%(Martinson and Lewandowski, 1975) but the 
a n t ig e n ic  de te rm in an ts  on se ro typ e  2 were as re a c t iv e  
w ith  he tero log ous a n t is e r a  as th ose  o f the o th e r two 
s e ro typ e s .
Reassortm ent o ccu rs  r e a d i ly  between the RNA 
segments o f th ree  se ro typ es  and , a s  th e re  a re  d e te c tab le  
d if fe re n c e s  in the m ig ra tio n  o f a l l  the dsRNA's (except 
L I )  between a t  le a s t  two o f the s e ro ty p e s , i t  is  u s u a lly  
p o ss ib le  to determ ine which gene has reasso rted  (Ramig 
e_t a j_ ., 1977). Reassortm ent experim ents have shown tha t 
gene S I codes fo r  the  v i r a l  h aem ag g lu tln ln  (W einer e t a l . .  
1978) and fo r  the an tig en  e l i c i t i n g  n e u tra liz in g  
an tibody (W e ine r and F ie ld s ,  1977). The product o f gene 
S1 is  the t y p e - s p e c if ic  o l p ro te in  found In the ou te r 
s h e ll (McCrae and J o k l l k ,  1978).
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The c h a ra c te r is a t io n  o f re o v iru s  an tig en s  has been 
the  su b ject o f recent new in t e r e s t  s in ce  the production  
o f monoclonal an tib o d ies  a g a in s t re o v iru s  p o lyp ep tid es  
(Lee  et  ^ a j_ ., 1981; B u rs t ln  e t  a j_ ., 1982). Lee e t  a l . 
(1981) ra ised  monoclonal a n t ib o d ie s  a g a in s t 7 o f the 10 
re o v lru s - s p e c if ie d  po lypep tides o f re o v iru s  type  3.
These p ro te in s  were o2 and X 2 (in n e r s h e ll cap s id  
p r o te in s ) ,  pi and p lc (w h ich  a re  r e la te d ,  but pi is  
lo ca ted  in the Inner sh e ll and p ic  in the o u te r  s h e l l ) ,  
o1 and o3 (o u te r capsid  p ro te in s ) and pNS and oNS (non 
s t ru c tu ra l p ro te in s ).  C leavage products o f X2 and pNS, 
not p re v io u s ly  d esc r ib ed , were a ls o  id e n t if ie d  by immune 
p r e c ip it a t io n  o f in fec ted  c e l l  ly s a te s  and p u r if ie d  v iru s  
u s in g  th e ir  a n t is e r a .  Immune p r e c ip it a t io n  o f c e l l  
ly s a te s  in fec ted  w ith  the o th e r two sero types showed th a t 
o l was undoubtedly the most type s p e c i f ic  p ro te in ,  w h ile  
o3 was type s p e c i f ic  in sero type  2 o n ly ,  p l/ p lc  and o3 
were thought to be complexed to g e th e r s in ce  most sera 
d ire c te d  ag a in s t any one o f these  p ro te in s  p re c ip ita te d  
a l l  th re e . Hayes et_ aj_. (19 8 1) s tu d ied  the in te r a c t io n  
o f these  monoclonal an tib o d ies  w ith  re o v iru s  p a r t ic le s  
by determ in ing  th e ir  a b i l i t y  to  n e u t r a l iz e ,  In h ib i t  
haem agglu tinatIon  and aggregate re o v lru se s . They found 
th a t not on ly did an tib o d ies  a g a in s t o l (a o l)  n e u t r a l iz e  
v i r a l  In f e c t lv l t y  and In h ib it  haem agglu tInatIon  but th a t 
a n t ib o d ie s  ag a in s t o3 and X2 a ls o  had these  p ro p e r t ie s .
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However, aX2 was not type s p e c i f ic  and oo3 was o n ly  p a r t ly  
so . c3 is  an o u te r  s h e ll p o lyp e p tid e , form ing o u te r  sh e ll 
s p ik e s , w h ile  X2 is  the p r in c ip le  component o f the 12 core  
sp ik es  in the  inn er s h e l l ,  but these must pass through the 
o u te r  sh e ll to  be exposed on the re o v iru s  s u rfa c e . Xol , 
ao3 and aX2 a l l  p r e c ip ita te d  and aggregated v i r a l  p a r t ic le s .  
Some o f the a p l/ p lc  and pNS a n tib o d ie s  a ls o  aggregated 
v ir u s  p a r t i c le s ,  suggesting  th a t these  a ls o  reacted  w ith  
v i r a l  de term inan ts exposed on the v i r a l  s u rfa c e . pNS is 
not a s t ru c tu ra l p ro te in  but is  p o s s ib ly  a n t lg e n ic a l ly  
r e la te d  to a s t ru c tu ra l p o lyp ep tid e . T h is  re la t io n s h ip  is  
weak as apNS does not immune p r e c ip it a te  s t ru c tu ra l p ro te in s .
B u rs t in  e t  a I . (1982) is o la te d  a number o f monoclonal 
a n t ib o d ie s  d ire c te d  a g a in s t  c l o f  both type  1 and type  3. 
These monoclonal a n t ib o d ie s , a lthough d ire c te d  a g a in s t the 
same p o lyp e p tid e , had d i f f e r e n t  b io lo g ic a l a c t i v i t i e s .  Of 
11 ao l a n t ib o d ie s  from type 3> on ly  two n e u tra liz e d  
in f e c t l v l t y  e f f i c i e n t l y  and one n e u tra liz e d  In e f f i c i e n t l y .  
Four o th e r an tib o d y  p rep a ra tio n s  in h ib ite d  haem agglu t(nation  
and one o f these  a ls o  n e u tra liz e d  I n f e c t l v l t y .  Seve ra l 
a n t ib o d ie s , a lthough they p re c ip ita te d  o l In c e l l  e x tra c ts  
had n e ith e r  n e u t r a l iz in g  o r  HI a c t i v i t i e s .  T h e re fo re , fou r 
d i f f e r e n t  a n t ig e n ic  s i t e s  were d e fin ed  on the reo v iru s  
type  3 o l m o lecu le  - one a rea  was In vo lve d  In n e u t r a l iz a t io n ,  
an o th e r In h aem ag g lu tin a tlo n , another In n e ith e r  o f th ese ,
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and one monoclonal an tibody reac ted  a g a in s t an a rea  of 
the an tig en  where i t  cou id  in h ib i t  both n e u t r a l iz a t io n  
and h aem ag g Iu tin a tio n . Monoclonal a n t ib o d ie s  a g a in s t 
re o v iru s  type 1 c l a l l  had n e u t ra l iz in g  and HI 
a c t i v i t i e s  and so d id  not d e f in e  d i f f e r e n t  a n t ig e n ic  
s i t e s .  Th is cou ld  e ith e r  mean th a t they were a l l  
d ire c te d  to the same area  o f o l o r tha t the arrangement 
o f type  1 ol d i f f e r  from th a t o f  type 3 , a lth o u gh  th is  
l a t t e r  hyp o thesis  seems u n l ik e ly .  A n tig e n ic  s i t e s  w ith  
d i f f e r e n t  fu n c tio n s  on a s in g le  v iru s  p o lyp ep tid e  have 
a ls o  been found on the HA o f in f lu e n z a  v ir u s  (Gerhard  
e t a l . ,  1981; W ebster and L a v e r , 1980) and the  m ajor 
an tig en  o f RNA tumour v iru s e s  (S to n e  and N o w in sk i, 1980; 
Massey and Schochetman, 1981) so many a n tig e n s  appear to 
have se v e ra l d i s t in c t  fu n c t io n s , o fte n  lo ca te d  on 
sep a ra te  a n t ig e n ic  d e te rm in an ts . The s e c t io n  on ro ta v iru s  
a n tig en s  (1 .3 .2 .7 )  shows th a t some o f them a ls o  have more 
than one p ro p e rty , but d e ta ile d  research  in to  the a n tig e n ic  
s t ru c tu re  of the po lyp ep tid es  has not ye t been undertaken.
A fu r th e r  development on the study o f re o v iru s  antigens 
has taken p lace  a f t e r  p roduction  o f a n t ib o d ie s  w ith  a c t iv i t y  
a g a in s t the c e l l  su rface  re cep to r tha t b inds re o v tru s  
(F ie ld s  and Greene, 1982). T h is  was ach ieved  by immunizing 
mice w ith  the monoclonal an tib ody (MC-1) known to  In te ra c t  
w ith  the  n e u tra liz in g  region o f o l , and sc reen in g  fo r
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monoclonal a n t ib o d ie s  (MC-2)with b ind ing  a c t i v i t y  to 
MC-1 ( f i g . 8 ) .  The assumption th a t the b ind ing  region 
o f MC-1 mimicked the c e l l  re cep to r was c o r r e c t  as 
MC-2 was a b le  to  b lock c e l l  re cep to rs  a g a in s t v iru s  
and to  mimic v i r a l  b ind ing  to the re c e p to rs . The 
an tib o dy a ls o  in te ra c te d  w ith  lym phocytes in the same 
way as v iru s  and a c t iv a te d  subsets o f  T c e l l s .  Th is 
an tib ody is  im portant fo r  two reasons - f i r s t l y ,  i t  
cou ld  be used to  induce immunity w ithou t exposure to 
v iru s  o r  to c o n fe r  p ass ive  p ro te c t io n  by b lo ck in g  the 
c e l t  re c e p to rs , and i t  has been e x p lo ite d  as a model 
system to  id e n t i f y  which t r y p t ic  pep tides o f the  
haem agglu tln in  o r  o th e r s y n th e t ic  m o lecu les o r  pep tides 
b lock  the b ind ing  o f MC-1 to MC-2. Any m olecu les which 
b lock  th is  b ind ing  would be p o te n t ia l ly  u se fu l as a 
vac c in e  ( f i g . 8) .
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D e f in it io n  of an o p e ra tio n a l analogue of 
v i r u s - c e l l  re cep to r in te r a c t io n s .
In the  re o v iru s  system , the n e u t ra l iz a t io n  
domain of haem agglutin in  in te r a c ts  w ith  c e l l  
su rfa ce  re cep to rs  and the an tigen -b ind ing  
s i t e  o f the monoclonal an tibody (MCI) 
d ire c te d  a g a in s t th a t domain. A second 
monoclonal an tibody (MC2) made a g a in s t the 
an tigen -b ind ing  s i t e  o f the f i r s t  in te r a c ts  
w ith  the c e l l  su rfa ce  recep to r fo r  the 
n e u t ra liz a t Io n  domain and a ls o  in te ra c ts  
w ith  MCI. The MC1-MC2 in te ra c t io n  appears 
to be the analogue o f the v ir u s - c e l l  re cep to r 
In te ra c t io n  and c o n s t itu te s  the o p era tin g  
system fo r  studying p ro te in s  which can be used 
as p o te n t ia l Immunogens. Only those p ro te in s  
(o r s y n th e t ic  m o lecu les) th a t In te r f e re  w ith  
MC1-MC2 binding a re  1 ik e ly  to  be u se fu l v a c c in e s  
(reproduced from F ie ld s  and Greene, 1982).
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3 .2 .7  R o t a v i r u s  A n t ig e n s
Sec tio n  1 .2 .6  described  evidence  fo r  the presence of 
group and type s p e c i f ic  an tig en s  in ro ta v iru s  p a r t ic le s ,  
and fo r  the e x is te n c e  o f seve ra l se ro typ es .
On the b a s is  o f  I EM o b se rva t io n s  th a t double sh e lled  
human ro ta v iru s e s  reac ted  o n ly  w ith  an tiserum  to the human 
v iru s  w h ile  s in g le  sh e lle d  p a r t ic le s  o f ro ta v iru s e s  from 
seve ra l an im als c ro s s- re a c te d  w ith  a l l  co n va lescen t sera 
from c a lv e s ,  p ig s  and sheep te s te d , Woode e_t a i . (1976) 
suggested th a t r o ta v ir u s  group a n t ig e n (s )  were lo ca ted  on 
the inner cap s id  o f  the v ir u s .  Th is was su b s tan tia ted  
and extended by B r id g e r  (1978) who found, on te s t in g  
se ve ra l ro ta v ir u s  se ro typ es  and th e ir  s p e c i f ic  co n va lescen t 
a n t is e r a ,  th a t s in g le  sh e lle d  p a r t ic le s  were a g g lu t in a te d  
by a l l  p o s it iv e  r o ta v ir u s  a n t is e r a ,  w h ile  double sh e lle d  
p a r t ic le s  were o n ly  a g g lu t in a b le  by a n t is e r a  th a t n e u t r a l ­
ized the i n f e c t i v i t y  o f the v ir u s .  Th is lo ca ted  the type 
s p e c i f ic  an tig en  in  the ro ta v iru s  o u te r  cap s id  la y e r  and 
suggested th a t th e  group s p e c i f ic  an tig en  is  an inner 
s h e ll p o lyp ep tid e  which is  masked by the o u te r  caps id  la y e r ,  
a t  le a s t  to  a n t ib o d ie s  th a t a g g lu t in a te  ro ta v iru s  p a r t i c le s .  
However, Bas ta rd o  e^  al_. (1981) found th a t m onospecific  
a n t is e r a  d ire c te d  a g a in s t  denatured o u te r sh e ll 
p o lyp ep tid es  V P 4 .2 , VP7 and VP10 o f SA - II a g g lu t in a te d  
com plete p a r t ic le s  o f both SA—11 and c a l f  r o ta v ir u s ,  
so were not t y p e - s p e c if ic .  The antiserum  a g a in s t 
inner sh e ll p o lyp e p tid e  VP6 a g g lu t in a te d  s ln g le-
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sh e lle d  p a r t ic le s  o f SA-11 and c a l f  r o ta v ir u s .  Antiserum  
a g a in s t VP6 was the on ly one which reacted  as e f f i c i e n t l y  
w ith  c a l f  ro ta v iru s  as w ith  SA-11 in CF, so some type- 
s p e c i f i c i t y  o f o u te r sh e ll p ro te in s  was demonstrated by 
th is  techn ique.
The ou te r s h e ll o f  ro ta v ir u s  is  a ls o  shown to be type- 
s p e c i f ic  by h aem ag g lu tin a tIo n , as s tu d ied  by Inaba e t  a l . 
(1977) and Fauvel £ t  al_. (1978 ). Haemaggl u t in a t  Ion Is  
on ly  observed w ith  d o u b le-sh e lled  p a r t ic le s  and on ly  
In h ib ite d  by a n t is e r a  tha t n e u t r a l iz e  the v i r u s .  E x p e r i­
ments w ith  m onospecific  a n t is e r a  suggest th a t the 
haem agglutin in and n e u t r a l iz a t io n  an tig en  may re s id e  on 
the same p o lyp ep tid e , as in re o v iru s  (W einer and F ie ld s ,
1977; W einer £ t a j_ ., 1978; B as ta rd o  £ t  a j_ ., 1981;
Matsuno and Inouye, 1983) but r e s u lt s  o f g e n e tic  e x p e r i­
ments do not conform to  th is  theory  as the n e u t ra liz a t io n -  
s p e c i f ic  an tigen  was ass igned  to  gene segment 8/9 w h ile  
the haem aggIutIn In was ass igned  to gene segment k which 
codes fo r  VP3 (K a lic a  e t a l . ,  1981; 1983). N e u tra lIz a t io n  
assays using the m onospecific  a n t is e r a  id e n t if ie d  th ree  
d i f fe r e n t  an tig en s  In vo lved  In ty p e - s p e c if ic  n e u t ra liz a t io n  
- VP6, one o f the VP7 group, and VP10, the most im portant 
o f which appeared to  be the VP7 p o lyp ep tid e  (Basta rd o  e t a l . ,  
1981; Matsuno and Inouye, 1983)» Only an tiserum  ra ise d  
a g a in s t VP7 in h ib ite d  h aem ag g Iu tIn a tio n . Most groups
- 62
1 .3 .2 .7  (C o n t 'd . )
recogn ise  the e x is te n ce  o f two VP7 p o lyp ep tid es  in v iru s  
p a r t i c le s ,  which we c a l l  VP7.1 and VP7.2 (see  f i g . 12), 
but these  were not d i f f e r e n t ia te d  by the experim ents of 
Bas ta rd o  £ t  aj_. (1 98 1 ). Chapter 7 d e sc r ib e s  experim ents 
to id e n t if y  the an tig en  invo lved  in n e u t r a l iz a t io n .
Monoclonal a n t ib o d ie s  which p r e c ip it a te  VP3 and VP7 from 
in fe c te d  c e l l s  were both found to n e u t ra l iz e  ro ta v ir u s  
in f e c t i v i t y  (Greenberg e t  a l_ . , 1983b), so VP3/VPk.2 is  
ano ther an tigen  which has been im p lica ted  in n e u t r a l iz a t io n .  
S u rp r is in g ly ,  monoclonal a n t is e r a  a g a in s t VP3 w ere type- 
s p e c i f ic  in n e u t r a l iz a t io n ,  w h ile  those a g a in s t  VP7 were n o t. 
Both types o f monoclonal a n t is e r a  in h ib ite d  haem agg lu tina tIon  
and a l l  but one o f the aVP7 sera were t y p e - s p e c if ic ,  so aVP7 
must have some involvem ent in haemagg1u t in a t io n  in h ib it io n  
d e sp ite  the fa c t  th a t g e n e tic  experim ents have ass ig n ed  th is  
fu n c tio n  to  VP3. The au tho rs  suggested aVP7 co u ld  in h ib i t  
haem agglu tination  by s t e r lc  h in derance .
In o th e r v iru s  system s, more than one ty p e - s p e c if ic  and 
g ro u p - sp e c if ic  an tig en  have o fte n  been found. In these 
c a se s , most v iru s  p o lyp ep tid es  have been found to  « l i c i t  
the syn th e s is  o f s p e c i f ic  a n tib o d y , as most o f them can be 
p re c ip ita te d  by these  a n t is e r a  (G a t l la rd  and J o k l I k ,  1980; 
H a r r is  £ t a K ,  1981; Yeo e t  a ]_ ., 1981; B e rn s te in  and Hruska, 
1981), and seve ra l were shown to  be p r e c ip ita te d  by h e te ro ­
logous a n t is e ra  and were th e re fo re  g ro u p - s p e c if ic .  This 
th e s is  p resen ts e v idence  fo r  the ex is te n ce  o f more than one 
g ro u p - sp e c if ic  an tig en  In c a l f  ro ta v iru s  (s e c t io n  5) •
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R o tav iru ses  a re  c la s s i f i e d  e ith e r  by n e u t r a l iz a t io n ,  ELISA 
o r  IAHA. Experim ents w ith  re a sso rtan t v iru s e s  described  In 
se c tio n  1 .3 .5 .2  have shown th a t the ELISA  subgroup Is  d e te r ­
mined by the product o f gene segment 6 (V P 6 ) , w h ile  type- 
s p e c i f ic  n e u t r a l iz a t io n  Is  a product o f gene segment 8 o r 9 
(p robab ly coding f o r  VP7) ( K a l ica  e t a l . ,  1981). VP6 appears 
to  have both t y p e - s p e c if ic  determ inants in n e u t r a l iz a t io n ,  
and su bg ro u p -spec ific  d e te rm in an ts , which a re  common to many 
se ro typ es , in EL ISA  (Basta rdo  £ t a j_ ., 1981; Kal Ica e t a l . ,  
1981) (Chapter 6 ) .  Use o f monoclonal a n t is e r a  a g a in s t VP6 
have id e n t if ie d  th a t  VP6 has both g ro u p - sp e c if ic  and 
su bgroup -spec ific  determ inants by the EL ISA  te s t  (Greenberg 
et a l_., 1983a). C u r io u s ly , each ELISA subgroup is  a ls o  
a sso c ia te d  w ith  a m ajor d if fe re n c e  in the m ig ra tio n  o f RNA 
segments 10 and 11 (K a l ica e t  a j_ ., 1981b) a lthough  the 
products o f these  gene segments a re  not su bg rou p -spec ific  
determ inants (K a iic a  e t a K ,  1981).
Thus I t  appears th a t the re  a re  severa l ro ta v ir u s  a n t i ­
gens invo lved  In g ro u p - sp e c if ic  re a c t io n s , subgroup-spec ific  
re a c tio n s  and ty p e - s p e c if ic  (n e u t r a l iz a t io n )  re a c t io n s . The 
s itu a t io n  is  s t i l l  somewhat confused a t  p resen t and c le a r ly  
more research  Is  n ecessary  to  understand the d i f fe r e n t  
a n t ig e n ic  p ro p e rt ie s  o f each ro ta v iru s  p o lyp ep tid e .
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1.3.3.1  The RNA po lym erase o f r e o v iru s e s .
R eo v iru ses  have t h e i r  own v ire g - a s so c ia te d  RNA 
po lym erase, w h ich  co n fe rs  seve ra l advantages to the v iru s  
as summarised by Bishop (1977). A v i r a l  polymerase can 
be used s o le ly  fo r  t r a n s c r ip t io n  and r e p l ic a t io n  o f the 
v i r a l  genome and th is  a vo id s  com petition  fo r  c e l lu l a r  
enzymes and a l lo w s  e f f i c i e n t  r e p e t i t i v e  t r a n s c r ip t io n  o f 
the v i r a l  mRNA - in the case  o f the re o v iru se s , 
t ra n s c r ip t io n  in  v i t r o  o ften  y ie ld s  more than the v i r u s '  
own w eight o f mRNA. The polym erase avo id s the n e ce s s ity  
fo r  any p ro te in  syn th e s is  between in fe c t io n  and 
t r a n s c r ip t io n ,  and enab les the v iru s  to  e vo lve  i t s  own 
mechanI sms for t r a n s c r ip t io n a l co n tro l and i t s  own in i t ia t io n /  
te rm in ation  s i t e s  on the v i r a l  genome. T h is  aspect o f 
re o v iru s  is  d iscu ssed  in se c t io n  1 .3 .1 .3 . The v i r a l  genome 
does not have to  leave  the v iru s  p a r t ic le  and can th e re fo re  
be p ro tected  from  c e l lu l a r  r ib o n u c le a se s .
The re o v iru s  RNA polym erase was f i r s t  described  In 
1968 by Sh a tk in  and S lpe  and by Borsa and Graham, on ly  a ye a r  
a f t e r  the d is c o v e ry  o f the f i r s t  v iru s-co d ed , v iru s  
asso c ia ted  RNA po lym erase, the v a c c in ia  v iru s  polymerase 
(Kates and Me A usian  , 1967). S in ce  then a polym erase has 
been id e n t if ie d  In a i l  o f the re o v iru se s  s tu d ie d . Most o f 
the work has been done on re o v iru s , so th is  w i l l  be the 
su b jec t o f d is c u s s io n .
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The re o v iru s  ds-^ss polym erase Is  o ften  termed a 
't r a n s c r ip t a s e ' as I t s  so le  fu n c tio n  is  to t ra n s c r ib e  
mRNA. I t  Is  lo ca ted  in the v i r a l  co res and t ra n s c r ib e s  
a l l  10 dsRNA sp ec ies  in to  mRNA. Four o th e r v iru s  
a sso c ia te d  enzymes a ls o  c o n tr ib u te  to the t r a n s c r ip t io n  and 
m o d ific a tio n  o f mRNA (1 ) n u c le o s id e  trip h o sp h a te  (NTP) 
phosphohydrolase, which h yd ro lyse s  N TP's to  diphosphates 
and removes the 5 ' te rm in a l phosphate from nascent message, 
(2 ) term inal guanyl tra n s fe ra se  and (3 and k) enzymes tha t 
m ethylate  both the cap £ and the r ib o se  o f the o r ig in a l 5 ' 
term inal re s id u e  (Kapul e r  et  ^ a j_ . , 1970; Borsa e£ a j_ . , 1970; 
Fu ru ich i et  ^ a_l_., 1975 and S h a tk in , I971*) . These enzymes 
w i l l  be d iscussed  in more d e ta i l  l a t e r .  A v ir io n  a sso c ia te d  
pyrophosphate exchange enzyme th a t c a ta ly s e s  the re a c t io n  
[8 ,y 32P]GTP + PP. ■ GTP ♦ 32PPj a ls o  e x is ts  (Waschman e£ 
a l . ,  1970). A l l  of these enzymes a re  o n ly  expressed when 
the v i r a l  o u te r  cap s id  sh e ll is  co m p le te ly  o r p a r t i a l l y  
removed. (S h a tk in  and S lp e , 1968; Borsa and Graham, 1968). 
Chymotrypsin a t  50 ug/ml o r heat shock produces a 
su b v ira l p a r t ic le  capab le  of showing RNA polymerase 
a c t i v i t y  ( J o k l i k ,  1972). A c t iv a t io n  is  ach ieved  by 
removal of o3 and some, but not a l l ,  o f the p ic  po lyp ep tid e  
( J o k l ik ,  1972) a lthough re o v iru s  c o re s , which a ls o  t ra n s c r ib e  
mRNA, have lo s t  a l t  the o u te r s h e ll p ro te in s . The re o v iru s  
p ro te in s  a re  l i s t e d  in ta b le  3. T h is  a c t iv a t io n  p o ss ib ly
.3 .3 .1  ( C o n t ' d ) .
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a llo w s  access o f p recu rso r n u c le o tid e s  in to  the v i r a l  
c o re . A d d itio n  o f a3 to  a c t iv a te d  p a r t ic le s  repressed 
the t r a n s c r ip ta s e ,  so i t  can be suggested th a t o3 b locks 
s p e c i f ic  'p o r t s ' ,  th a t a llo w  e n try  o f n u c le o t id e s  and 
re le a s e  o f t ra n s c r ib e d  messages in and out o f the v i r a l  
co re  (A s te l I et  ^ a_l_., 1972). An e le c tro n  m icroscop ic  
a n a ly s is  o f a c t iv e l y  t ra n s c r ib in g  re o v iru s  co re  p a r t ic le s  
by G i l l i e s  et_a_l_. (1971) showed them ex tru d in g  up to  10 
messenger RNA m o lecu les , each one from a d i f f e r e n t  s i t e ,  
so these  s i t e s  cou ld  be s p e c i f ic  po rts  fo r  the e x it  of 
m essages. I t  is  now thought th a t the messages extrude 
from the v i r a l  sp ikes which a re  b e lie v e d  to  be ho llow  
( J o k l l k ,  1981). These sp ikes  a re  composed o f  X2 c lu s te r s  
which cou ld  be open in co re s  and c lo sed  in com plete 
p a r t i c le s ,  and the enzyme could be a c t iv a te d  by th a t or 
o th e r  c o n f ig u ra t io n a l changes caused by removal o f o u te r 
s h e ll po lyp ep tid es  ( J o k l i k ,  1981).
1 .3 .3 .1 .2  P o lyp ep tid es  In vo lved  in t r a n s c r ip t io n .
The po lyp ep tid es  th a t  a re  In vo lved  in t r a n s c r ip t io n  or 
capping have not been id e n t i f ie d .  D is ru p tio n  o f the cores 
causes a l l  polym erase a c t i v i t y  to  be lo s t ,  so the 
polym erase enzyme(s) cannot be p u r if ie d  in an a c t iv e  
s t a te  as has been done w ith  v e s ic u la r  s to m a t it is  v iru s  
(Emerson and Wagner, 1972, 1973; Emerson and Yu , 1975).
The f a c t  th a t d is ru p tio n  o f co res causes enzyme in a c t iv a t io n
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suggests th a t the enzymes a re  components o f  the co re  s h e l l .  
The c a t a l y t i c  s i t e s  a re  probab ly loca ted  on the in s id e  of 
the co re  s h e ll as co res t ra n s c r ib e  exogenous dsRNA ve ry  
p o o rly . J o k l Ik  (1981) suggested th a t the ds tem plates 
cou ld  move past the enzymes, and the mRNA's cou ld  be 
s im u ltan eou s ly  fed  out o f the sp ike bases o r  p o r ts .
Morgan and K ingsbury  (1980) la b e lle d  p u ta t iv e  polym erase 
enzymes by a llo w in g  t ra n s c r ip t io n  o f re o v iru s  In the 
presence o f r a d io la b e l led pyridoxa l phosphate, which 
is  thought to  re a c t  w ith  the enzymes' a c t iv e  s i t e ,  and 
they found th a t  X I and A2 became la b e l le d .  A2 is  the 
sp ike p ro te in  and X I is  p o s itio n ed  beside  i t  in  co res 
(s e c t io n  1 .3 .2 ) .  W h ile  th is  Is  not proof o f  these  
p ro te in s  being in vo lved  In t r a n s c r ip t io n ,  I t  f i t s  in w ith  
the model th a t the sp ike  bases a re  a c t i v e l y  in v o lv e d . XI 
and/or A2 cou ld  be polym erase and A2 a ls o  In vo lv e d  In 
capping the nascen t message be fo re  e x tru s io n . The o th e r 
co re  p ro te in s  A3, p i and p2 have not been a ss ig n ed  any 
fu n c t io n , but co u ld  a ls o  be invo lved  In t r a n s c r ip t io n .
A s im i la r i t y  o f  the  s iz e  and m olar r a t io s  o f  X I ,  X I and a2 
to the E . c o l i  RNA polym erase 8 ,6 ' and a su b u n its  has been 
noted.
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1 .3 .3 .1 .3  The r e o v l r u s  t r a n s c r i p t i o n  r e a c t io n .
The t r a n s c r ip t io n  re a c t io n  o f re o v iru s  and the bas ic  
c h a r a c t e r is t ic s  o f the t r a n s c r ip ta s e  enzyme have been 
stud ied  e x te n s iv e ly .  The re a c t io n  req u ires  a l l  four 
n u c leo s id e  tr ip h o sp h a te s  and Mg++ ions a t  an optimum o f 
13mM. The pH optimum is  pH 8 .0 , and the re a c tio n  does not 
req u ire  the p resence o f a reducing agen t. The polymerase 
Is  not In h ib ite d  by a high co n cen tra tio n  o f actinom ycln  0, 
an in h ib ito r  o f DNA to  RNA po lym erase, but Is  in h ib ite d  by 
0.01M phosphate. The optimum tem perature is  unu su a lly  high 
a t  50°C (S h a tk in  and S lp e , 1968b)Borsa and Graham, 1968;
Skehel and J o k l i k ,  1969). Most o th e r  v iru s e s ,  inc lud ing  
rh ab d o v iru ses , orthom yxoviruses and param yxoviruses, as 
w e ll as some o th e r  re o v iru s  s t r a in s ,  e .g . cytop lasm ic  
p o lyh ed ro s is  v i r u s ,  b lue tongue and wound tumour v iru s e s ,  
have optimum t r a n s c r ip t io n  tem peratures o f 25-30°C 
(B ish o p , 1977). The re o v iru s  enzyme a c t i v i t y  Is  e v id e n t ly  
more s tab le  than most enzymes and t ra n s c r ip t io n  can be 
su sta ined  fo r  1»8h a t 37°C provided  enough N TP's and an ATP 
(energy) g en e ra tin g  system (phosphoenolpyruvate ♦ pyruvate 
k in a se ) a re  su p p lied  to su s ta in  the re a c t io n  (Skehel and 
Jo k l ik ,  1969). In v i t r o  o n ly  'p o s i t iv e  p o la r i t y 1 (mRNA sense) 
m olecules a re  produced (Skehel and Jo k l t k ,  1969). The f i r s t  
p lus strand  to  be produced Is  a genuine t r a n s c r ip t ,  l . e . ,  
the o r ig in a l ds tem plate  is  not separated  during t ra n s c r ip t io n  
(Skehel and J o k l l k ,  1969), hence t r a n s c r ip t io n  is  asymmetric 
and c o n s e rv a t iv e . I t  Is  not known how tra n s c r ip t io n  occurs
-  69  -
1 .3 .3 .1 .3  ( C o n t ' d ) .
on duplex RNA w ith o u t d isp lacem ent o f the paren ta l p lus 
s tra n d , but p robab ly in vo lve s  a lo ca l , t r a n s ito r y  
d isp lacem ent which is  reversed  as an a re a  o f tem plate is  
tra n s c r ib e d .
1.3.3.1.1* C h a ra c te r is a t io n  o f the products o f t r a n s c r ip t io n  by r e o v iru s .
The t r a n s c r ip ts  syn th es ised  in v 11 ro a re the same 
length as the double stranded  RNA genome (Skehel and Jo k l ik ,
1969) and the same leng th  as mRNA e x tra c te d  from in fec ted  
c e l l s  (Hay and J o k l i k ,  1971). A l l  10 genome segments a re  
tra n s c r ib ed  in to  f u l l  leng th  messages, and the mRNA's a re  
th e re fo re  sized  In to  th ree  s iz e  c la s s e s  - la rge  (-£1, £2 , C3) 
medium (m l, m2, m3) and sm all ( s i ,  s2 , s3 , s i* ).
The ra te s  o f t r a n s c r ip t io n ,  under op tim al c o n d it io n s , a re  
the same fo r  a l l  the genes and th e re fo re  more s t r a n s c r ip ts  
a re  produced than m t r a n s c r ip t s ,  and more m t ra n s c r ip ts  
produced than t  t r a n s c r ip t s .  The frequency o f in i t ia t io n  
is  thus in v e rs e ly  p ro p o rtio n a l to  genome s iz e ,  so i t  is  
u n l ik e ly  th a t the 10 genes a re  tra n s c r ib e d  as a lin ked  
complex. The to ta l ra te  o f RNA sy n th e s is  has been 
estim ated  to  in co rp o ra te  10-60 n u c leo tId es/seco n d  w ith  
com plete m olecules o f the la rg e s t  sp ec ie s  present w ith in  
8 min. (Skehel and J o k l i k ,  1969; Bannerjee  and Sh a tk in ,
1970) . The r e la t i v e  ra te s  o f t r a n s c r ip t io n  In v iv o  a re
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co m p le te ly  d i f f e r e n t .  E a r ly  In in f e c t io n ,  o r  In 
cyc lo hex ¡m lde  tre a te d  c e l l s ,  Watanabe e t a l . (1968) 
and Sh a tk in  and La F iand ra  (1972) observed on ly  
(£3)m3, s3 and sU. L a te r  In In fe c t io n  a l l  10 mRNA 
sp ec ies  a re  found but they a re  n e ith e r  In equ im olar o r 
In equlmass p ropo rtion s (Zweerlnkand J o k l l k ,  1970).
The approxim ate t r a n s c r ip t io n  freq u en c ie s  a re  shown In 
ta b le  7. Under le ss  than optim al c o n d it io n s  in v1 1 r o , 
the r e la t i v e  ra te s  o f t r a n s c r ip t io n  o f the va r io u s  RNA 
sp ec ies  syn th es ised  a re  not the same. Decrease in 
magnesium co n cen tra tio n  causes a decrease  In syn th e s is  
o f t s p e c ie s , and i f  o n ly  t r a c e  amounts o f  ATP a re  
p resen t, o n ly  some sRNA sp ec ies  a re  made ( J o k l l k ,  1971«; 
N ich o ls  ¿ t  a j_ ., 1972). Th is Is  p o ss ib ly  how t ra n s c r ip t io n  
is  regu la ted  in v iv o .
In i t ia t io n  o f t r a n s c r ip t io n  appears to  be a complex 
and s e n s it iv e  process and I t  seems th a t t r a n s c r ip t io n  
abo rts  In more than 50% o f cases when t r a n s c r ip t s  a re  s t i l l  
le s s  than f i v e  res idu es long (Yamakawa e£ £ j_ . , 1981).
The 5 'G -term lnated  o lig o n u c le o t id e s  p resen t in re o v iru s  
p a r t ic le s  (s e c t io n  1 .3 .1 .2 ) a re  thought to  be products of 
a b o r t iv e  t r a n s c r ip t io n .  These sequences may be a b o r t iv e  
t r a n s c r ip ts  from the standard t r a n s c r ip t io n  p ro cess , o r 
may be produced la te  In t r a n s c r ip t io n  I f  the e lon g ation  
p rocess, but not In i t i a t io n ,  Is  In h ib ite d  g iv in g  a
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Table 7
T ra n s c r ip t io n  freq u en c ie s  o f each o f  the 
re o v lru s  genes (from  Jo k l Ik ,  1981).
T ra n s c r ip t  ion
Gene frequency
L I 0.05
L2 0.05
L3 0.05
Ml 0.15
M2 0.3
M3 0.5
S I 0 .5
S2 0.5
S3 1.0
1 . 3 . 3 . 1 .1* ( C o n t ' d ) .
t r a n s i t o r y  a b o r t io n  ra te  o f 100%. The ol igoadenylates 
which a re  a ls o  found In re o v lru s  p a r t ic le s  may be 
produced a t  the end o f the t r a n s c r ip t io n  c y c le  when 
the t r a n s c r ip ta s e  Is  being in a c t iv a te d .  In these 
c ircu m s ta n ce s , the Km fo r  ATP cou ld  be h ig h e r than th a t 
fo r  o th e r  N TP's and a llo w  tem plate-independent 
p o lym e risa t io n  o f ATP. P ro d u ctio n  o f the ol igoadenylates 
has Indeed been shown to  o ccu r during  the la t e r  stages 
o f m orphogenesis ( S i l v e r s t e in  £ t  a j [ . , 1971*; S to l tz fu s  £ t 
a l . .  197*0 . L a te  tem perature  s e n s it iv e  mutants th a t 
assem ble n o n - in fe c t Io u s  p a r t ic le s  do not s yn th e s ise  
o lig o a d e n y la te s  a t  non-p rem iss ive  tem peratures (Jo hnston  
e_t a l_ . , 1976). 01 igo A po lym erase a c t  i v i  ty  is  m an ifest
In in t a c t  v i r io n s  and has a p re fe ren ce  fo r  Mg++ Ions 
( S i l v e r s t e in  e£  a j_ . , 197**). S i l v e r s t e in  et  ^ al_. (1976) 
suggested th a t t h is  enzyme Is  an a l t e r n a t iv e  a c t i v i t y  o f 
the v i r i o n  bound t r a n s c r ip ta s e  and th a t the c o n s t ra in ts  
o f the o u te r  cap s id  p ro te in s  In h ib i t  the t r a n s c r ip ta s e  
a c t i v i t y  but a l lo w o l Ig o aden y la te  syn th e tase  a c t i v i t y .
The e x is te n c e  o f  a sep a ra te  enzyme fo r  th is  l a t t e r  fu n c tio n  
has not been ru led  o u t .
The f u l l  leng th  messages th a t are produced lack  a 
P o ly  A sequence a t  t h e i r  3 1 end th a t Is  common to many 
mammalian mRNA's ( S to l t z fu s  e t  a l . ,  1973). 3 ' p o ly  A Is
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thought to  have an im portant fu n c tio n  in mRNA s t a b i l i t y  
(R eve l and G roner, 1978), but re o v iru s  mRNA appears to 
be as s ta b le  as o th e r mRNA's. The mRNA m olecu les 
become capped and m ethylated  a t  t h e ir  5 ' ends i f  the 
methyl donor s-adenosyt m ethionine (SAM) is  present 
(S h a tk in , 197*») and these  5 ' caps were shown to have 
some ro le  in in c rea s in g  the e f f ic ie n c y  o f t r a n s la t io n  
(Both  £ t  a_l_., 1975b) Muthukri shnan et  ^ a ]_ ., 1975).
SAM is  an im portant c o n s t itu e n t  in CPV t r a n s c r ip t io n  
re a c t io n s  and s t im u la te s  the t r a n s c r ip t io n  ra te  by up 
to 70-fo ld (F u r u lc h i ,  197*»), s in ce  CPV t r a n s c r ip t io n  
is  coupled w ith  m eth y la tio n  o f the product RNA.
A n a ly s is  o f  the 5 ' sequences o f CPV dsRNA and mRNA 
tra n s c r ib e d  in v i t r o  revea led  th a t the 5 ‘ sequences o f 
the minus strand  were ppGpGpCp and those o f  the p lus 
strand  and o f products o f In v i t r o  t r a n s c r ip t io n  were 
m^GpppAmpGpUp.. . .  [m^G is  7-m ethylguanosine and Amp is 
2 '-0 -m eth y lad en y lic  a c id (r ib o s e  m ethyla te d )1w h i1e the 
3 ' sequences were pXpCpUp^ and pXpCpCQ^ re s p e c t iv e ly  
(M iura e t a t . ,  197*»; Fu ru lc h l and M tura , 1975). These 
sequences a re  a l l  summarised In f i g .  9 . T h is  Im plied 
th a t du ring  t ra n s c r ip t io n  an In ve rted  guanosIne  n u c le o tid e  
(cap ) Is  added to  the 5 ' end and the guanosIne Is  then 
m ethylated as w e ll as the rlbose  o f the next n u c le o t id e . 
Reovirus cores syn th e s ise  product RNA sp ec ie s  e q u a lly  
e f f e c t i v e ly  In the presence o r absence o f SAM (Fu ru lch i
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FIGURE 9 (From B ish o p  1977).
The 3 ‘ and 5 1~nuc1e o s ide sequences o f CPV and re o v iru s
CPV m^GpppAmpGpUp 
H0UPCPXP
mRNA m^GpppAmpGpUp
pXpCpCQH + strand  
pCpGpGpp - strand
Reovi rus m^GpppGmpCpUp ........................  pApUpCgH ♦ strand
^gCpGpAp ........................  pUpApGpp - strand
mRNA m^GpppGmpCpUp ........................
0
HCTP-0
. 3 . 3 . 1 . A ( C o n t ' d ) .
e_t^  a_l_. , 1975) but when SAM is  added, the sequence of the
_ i i
product 5 ‘ ends changes from ppGpCp... to m G5 ppp5 GmpCp 
(B a n n e rje e  e t  a [ . ,  1971; Fu ru ich i et^ a K , 1975; Le v in  £ t 
a I . ,  1970). The 3 ' and 5 ' sequences o f re o v iru s  dsRNA 
and mRNA a re  shown in f i g . 9 . M e th y la t io n  was shown not 
to  in v o lv e  an m7GTP and th e re fo re  o ccu rred  in s i tu 
(B is h o p , 1977). The m ethy lation  is  s p e c i f i c a l l y  blocked 
by S-adenosyi homocysteine (Bo th  et  ^ a_l_., 1975). The 
enzymes re sp o n s ib le  fo r  m eth y la tion  and capping in 
re o v iru s  v ir io n s  have not been id e n t i f ie d ,  but in vo lve  
the fo u r a c t i v i t i e s :  NTP phosphohydro lase, te rm in a l guanyl 
t r a n s fe ra s e  and the enzymes to m e th y la te  the cap G and 
the ribose o f o f the o r ig in a l 5* te rm in a l re s id u e . In 
a d d it io n ,  the pyrophosphate exchange a c t i v i t y  might 
a c t iv a t e  pyrophosphoro lys is  o f  the 5* to  5* g u a n y lic  a c id  
cap . One model fo r  the sequence o f  t r a n s c r ip t io n  and 5 ' 
m o d if ic a t io n  is  shown in f i g .  10 (B is h o p , 1977). This 
model in c lu d e s  the i n i t i a l  s yn th e s is  o f  product pppGpCp and 
subsequent removal o f the y-phosphate by NTP phospho­
h yd ro la se  and then a d d it io n  o f the capp ing  n u c leo tid es  and 
subsequent m ethy lation  in the e a r ly  stag es  o f e lo n g a t io n , 
a lthough  th is  cou ld  occur on re le a se d  t r a n s c r ip t s .  The 
fo llo w in g  o b se rva tio n s  suggest th a t capp ing  and 
m e th y la tio n  a re  v iru s  coded fu n c t io n s  (1 ) m ethy lation  and 
t r a n s c r ip t io n  In CPV a re  coupled ( i t )  R eo v iru s , CPV and 
wound tumour v iru s  can cap and m e th y la te  t r a n s c r ip ts
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F I G . 10 Model f o r  Sequence o f  T r a n s c r i p t i o n  and 5 '  M o d i f i c a t i o n
fo r  R eo virus mRNA T ra n s c r ip ts
( 1)
( 2)
(3)
(«*)
(5 )
(6 )
(7 )
m'GpppGmpCpUp
H0CpGpAp
m'GpppGmpCpUp
GTp ^  CTP
pppGpC
H0CpGpAp*'
m^GpppGmpCpUp . 
ppGpC 
H0CpGpAp--
m^GpppGmpCpUp , 
Gp-ppGpC 
H0CpGpAp»1
m^GpppGmpCpUp
In i t ia t io n
and phosphate 
removal .
cap p in g .
Chain e lo n g a tio n  
Cap m é th y la tio n
R ibose m é th y la tio n
mRNA re le a se
7
m GpppGmpCpUp
1 . 3 . 3 . 1 . 1» ( C o n t ' d ) .
in  v i t ro ( i l i )  The capping and m eth y la tin g  a c t i v i t i e s  
a re  su b s tra te  s p e c i f ic  - 32ppGpCp... d in u c le o t id e s  
g iven  to re o v iru s  co res can be capped and m ethylated  to 
Gp32ppGpCp.. .  and GpppGp... t o m 7GpppG... , butGpppA 
can not be m ethylated  ( e .g . t o  m2GpppA... - the VSV cap) 
(B is h o p , 1977).
-  75  -
A polym erase enzyme was id e n t if ie d  in p u r if ie d  
c a l f  ro ta v iru s  in 1977 (Cohen, 1977), and was a sso c ia ted  
w ith  1 denser 1v iru s  p a r t ic le s  which were de rived  from 
in fe c t io u s  v iru s  by trea tm en t w ith  ImM EDTA o r heat 
shock. EOTA treatm ent removed the v i r a l  o u te r sh e ll by 
c h e la t in g  Ca++ ions w hich  bound the o u te r sh e ll 
po lyp ep tid es  (Cohen et_ a_l_. , 1979 ).so the 'd en se r ' p a r t ic le s  
were s in g le  s h e lle d , n o n - in fe c t io u s  ro ta v ir u s .  The 
ro ta v ir u s  polym erase was s im ila r  to  i t s  re o v iru s  co u n te rp art 
by i t s  a s s o c ia t io n  w ith  s in g le  s h e lle d  p a r t ic le s  and 
optimum a c t i v i t y  a t  l*5_ 50oC, in the presence o f 10mM Mg++ 
and a t  pH 8 .0 . The polym erase product was s e n s it iv e  to 
p a n c re a t ic  RNAase but was rendered RNAase r e s is ta n t  a f t e r  
an n ea lin g  w ith  c a l f  ro ta v ir u s  dsRNA, suggesting th a t the 
product was ssRNA as in the case  o f  re o v iru s . Hruska e t a l . ,  
(1978) la t e r  id e n t if ie d  an RNA polym erase a sso c ia te d  w ith  
human ro ta v iru s  is o la te d  from the s to o ls  o f p a t ie n ts  w ith  
d ia rrh o e a . The enzyme was a s s o c ia te d  w ith  the denser v iru s  
band o f 1.38g/cm3 in CsCI g ra d ie n ts  bu t not w ith  the l ig h te r  
band o f 1.36 g/cm3. R e c e n t ly , Spencer and A r ia s  (19 8 1) 
s tu d ied  the p ro p e rt ie s  o f  the human ro ta v iru s  RNA p o ly ­
merase a c t iv a te d  by heat shock. They Id e n t if ie d  a 
requirem ent fo r  m onovalent c a t io n s  such as K* o r Na+(100mM) 
and showed th a t the re a c t io n  was not In h ib ite d  by phosphate 
io n s , actinomycin-D, a-am an ltin  o r r l fa m p ic in .  They a ls o  
showed th a t a h yd ro ly s a b le  form o f ATP, but not o f CTP, GTP
1 .3 .3 .2  R o t a v i r u s  RNA p o lym erase
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o r UTP, was n e c e s s a r i ly  fo r  the polym erase a c t i v i t y ,  
suggesting  th a t  ATP is  a ls o  used as an energy source.
1 .3*3 .2 .2  C h a ra c te r is a t io n  o f the products o f r o ta v ir u s  t r a n s c r ip t io n
Cohen and Dobos (1979) and Mason et  ^ al_. (1980) both 
c h a ra c te r is e d  the t r a n s c r ip t io n  p roducts  by agarose (and 
aga ro se-acry lam id e ) gel e le c t ro p h o re s is  and found 8 
separa te  bands o f ssRNA, the la rg e s t  o f  which com igrated 
w ith  23S ribosom al RNA. The m o lecu la r w e igh t range of 
these  ssRNA 's was 2 x 10s to  1.2 x 10s . H y b r id is a t io n  o f 
t r a n s c r ip t io n  products to  p a ren ta l dsRNA, and 
p o lya c ry lam id e  gel a n a ly s is  o f the t r a n s c r ip t s  was 
attem pted by Cohen and Dobos (1979) and a ls o  by B e rn s te in  
and Hruska (1981b). Both found th a t ,  w h ile  a l l  dsRNA 
sp ec ie s  h yb r id is e d  to  t r a n s c r ip t io n  p ro d u c ts , the high 
m o lecu la r w e igh t t r a n s c r ip ts  were p re sen t In f a r  lower 
q u a n t it ie s  than the lower m o lecu la r w e igh t t r a n s c r ip t s ,  
l . e .  even le s s  than would be expected on the b a s is  of 
p roduction  o f  equimass amounts o f each mRNA. Th is could 
be p a r t ly  due to  the presence o f r ib o n u c le a se s  in the 
t r a n s c r ip t io n  mix (p o s s ib ly  a s s o c ia te d  w ith  v iru s  p a r t i c l e s ) ,  
but even in the  presence o f r lb o n u c le a s e , fragm ents o f RNA 
should s t i l l  h y b r id is e  to  genomic dsRNA and the hyb rids 
should be v is u a l is e d  on g e ls .  Mason et_ aj_. (1 98 0 ), using 
sim ian ro ta v ir u s  SA-11 showed th a t s h o r te r  t r a n s c r ip t io n
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Incubation  tim es (2h In stead  o f 8h o r l8h ) a llow ed  
production  o f  more high m o lecu la r w eight t r a n s c r ip ts  
and concluded th a t r ib o n u c lea ses  were p resen t In the 
t r a n s c r ip t io n  mix. Using mRNA from 2h in cu b a tio n ,
Mason e_t^  a_l_. (1980) found th a t the t r a n s c r ip ts  had an 
average sed im en tation  v e lo c i t y  o f 12S on sucrose 
g ra d ien t sed im en ta tio n . The p roducts d id  not f a l l  In to  
d is t in c t  s iz e  c la s s e s ,  as In the case  o f re o v iru s  mRNA, 
but formed a s in g le  broad peak. B e rn s te in  and Hruska 
(1981) fu r th e r  an a lysed  the t r a n s c r ip t s  by showing th a t 
they were o f one p o la r i t y  and id e n t ic a l in s iz e  to  
paren ta l dsRNA segments. L ik e  r e o v iru s ,  the t r a n s c r ip ts  
were shown to  lack  3* p o lyad en y la te  sequences. The 
product was shown by CsCI g ra d ie n t f r a c t io n a t io n  to be 
re leased  from the v i r i o n ,  le a v in g  the v ir io n  w ith  
in ta c t  polym erase a c t i v i t y .
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1.3.1* R e o v i r u s  m u l t i p l i c a t i o n
As the re o v iru s  m u lt ip l ic a t io n  c y c le  Is  w e ll under­
stood , i t  is  u sefu l to  d e sc r ib e  i t  as a model fo r  
ro ta v iru s  r e p l ic a t io n .  The cu rre n t knowledge on th is  
su b je c t w i l l  be o u t l in e d  a fte rw a rd s  in se c tio n  1 .3 .5 .
1 .3 .A .1  E a r ly  stages of r e p l ic a t io n :  adso rb tio n  and uptake
Most o f the work on the re o v iru s  growth c y c le  has 
used the mammalian se ro type  3 In mouse L c e l l s .  Reovirus 
p a r t ic le s  adsorb to s p e c if ic  c e l l  su rfa ce  re c e p to rs , and 
com petition  experim ents have shown th a t these re cep to rs  
a re  the same fo r  a l l  th ree  se ro types (Lee et  ^ a j_ ., 1981b). 
The re o v iru s  p ro te in  re sp o n s ib le  fo r  adso rb tion  is  o l - 
I t  is  a minor p o lyp ep tid e  p resen t In p a ir s  in 12 
lo c a t io n s  on the p a r t i c le  su r fa c e . F ree  a l can a ls o  
adsorb to  c e l l s  (Lee et_ a_l_., 1981b). The adso rb tion  
ra te  o f re o v iru s  is  s im ita r  to  th a t  o f v a c c in ia  v iru s  
w ith  65% o f v iru s  adsorbed to  c e l l s  w ith in  30 min under 
standard c o n d it io n s  ( J o k l i k ,  1972) and the adso rb tion  
ra te  co n stan t has been c a lc u la te d  to  be about
2.5 x 10 9 cm3/ m ln / c e l I.
R eo virus p a r t ic le s  a re  taken In to  c e l l s  by phago­
c y t i c  v a cu o le s , which subsequently fuse  w ith  lysosomes 
(D a les  a j_ . , 1965; S l l v e r s t e ln  and D a les , 1968).
Th is process Is  ve ry  e f f i c i e n t  and most o f the v ir io n s  
adsorbed a re  found in secondary lysosomal v e s ic le s  
w ith in  30 min o f ad so rb tio n .
79 -
3•^ •1-2 Uncoatinq
A f te r  adso rb tlo n  and up take , re o v lru se s  a re  
degraded to  su b v ira i p a r t ic le s  (S V P 's )  In secondary 
lysosomal v e s ic le s  w ith in  1 hour a f t e r  adsorb tlon  
( S l l v e r s t e ln  e_t a_l_., 1970; 1972). The conversion  to 
S V P 's  Is  ap p a ren tly  e f fe c te d  by lysosom al enzymes 
and can a ls o  be ach ieved  by chym otrypsln  under 
a p p ro p ria te  c o n d it io n s . The SV P ' s a re  In fe c t io u s  and 
have f u l l  t r a n s c r ip ta s e  a c t i v i t y  w h ile  the genome RNA 
Is  p ro te c ted  from r ib o n u c le a se s . T h is  p a r t ia l  uncoatlng 
Is  unusual as most anim al v iru s e s  uncoat more com plete ly 
to  expose t h e ir  genomesor r ib o n u c le o p ro te in  complexes 
(S h a tk in  et  ^ a j_ . , 1977). The co n ve rs io n  o f v iru s  to  SVP 
in vo lve s  removal o f about 50% o f th e  o u te r caps id  
p ro te in :  p ro te in s  o l and o3 a re  removed com p le te ly  and 
a 12,000 dal ton fragment is  c le a v e d  from p ic  le av in g  a 
60,000 dal ton p ro te in  c a l le d  a ( S l l v e r s t e ln  £ t  a j_ ., 1972). 
The S V P 's  produced a re  sm a lle r , abou t 0.02 g/ml denser 
and co n ta in  a l l  the v ir u s  dsRNA ( J o k l I k ,  1974).
The SV P 's  a re  then t r a n s fe r r e d ,  during the next 
2-4h to  dense p e r in u c le a r  in c lu s io n s  a sso c ia te d  w ith  
m ito t ic  sp in d le s  th a t develop in to  " v i r a l  f a c t o r ie s "  
and a re  the s i t e s  o f v i r a l  RNA and p ro te in  syn th es is  
and morphogenesis (D a le s , 1963i D a les  e£ a j_ ., 1965; 
Anderson and Doane, 1966; F ie ld s  e t  a l . ,  1971).
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.3 .4 .1 .2  Uncoat inq
A f t e r  adso rb tion  and up take , re o v iru se s  a re  
degraded to  su b v ira l p a r t ic le s  (S V P 's )  In secondary 
lysosomal v e s ic le s  w ith in  1 hour a f t e r  adso rb tion  
( S i l v e r s t e in  ¿ t  a l_ . , 1970; 1972). The conversion  to 
SV P 's  Is  a p p a re n tly  e f fe c te d  by lysosom al enzymes 
and can a ls o  be ach ieved  by chym otrypsin  under 
a p p ro p r ia te  c o n d it io n s . The S V P 's  a re  In fe c t io u s  and 
have f u l l  t r a n s c r ip ta s e  a c t i v i t y  w h ile  the genome RNA 
is  p ro te c te d  from r Ib o n u c le a se s . T h is  p a r t ia l  uncoating  
is  unusual a s  most animal v iru s e s  uncoat more co m p le te ly  
to expose t h e i r  genomesor r ib o n u c leo p ro te in  complexes 
(Sh a tk in  e_t a j_ ., 1977). The co n vers io n  o f v iru s  to SVP 
In vo lve s  removal o f about 50% o f the o u te r  capsid  
p ro te in ; p ro te in s  o l and o3 a re  removed co m p le te ly  and 
a 12,000 d a l ton fragment is  c le a ve d  from p ic  le a v in g  a 
60,000 d a lto n  p ro te in  c a l le d  a ( S i l v e r s t e in  e t a_l_., 1972). 
The SV P 's  produced a re  sm a lle r , about 0.02 g/ml denser 
and c o n ta in  a l l  the v ir u s  dsRNA ( Jo k l  Ik ,  197**).
The S V P 's  a re  then t ra n s fe r re d , du ring  the next 
2-*»h to  dense p e r in u c le a r  In c lu s io n s  a sso c ia te d  w ith  
m ito t ic  sp in d le s  th a t develop in to  " v i r a l  f a c t o r ie s "  
and a re  th e  s i t e s  o f v i r a l  RNA and p ro te in  syn th es is  
and morphogenesis (D a le s , 1963; Dales e t a j _ . ,  1965; 
Anderson and Doane, 1966; F ie ld s  e t a l . ,  1971).
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T ra n s c r ip t io n  in in fe c te d  c e l l s  is  undertaken by 
the S V P 's , which syn th e s ise  s in g le  stranded  (s s )  
mRNA o f one p o la r i t y .  Each ssRNA segment is  a f u l l  
length copy o f i t s  ds paren t RNA. The t r a n s c r ip t io n  
product is ex truded  from S V P 's  and a c ts  as mRNA in 
t r a n s la t io n  as w e l l as tem p la te  fo r  ss to  dsRNA 
s y n th e s is . A l l  10 mRNA's a re  p robab ly tra n s c r ib e d  
to g e th e r, in v o lv in g  m u lt ip le  t r a n s c r ip t io n  s i t e s  as 
found j_n v i t r o  (se e  se c tio n  1 .3 .3 .1  .2 ) .
Two phases o f mRNA s y n th e s is  have been id e n t if ie d  
in a one-step m u lt ip l ic a t io n  c y c le  (Be llam y and J o k i i k ,  
1967; Watanabe et^ a K  , 1967). The lag  pe riod  between 
uncoating and t r a n s c r ip t io n  la s t s  more than an h o u r, 
probab ly a llo w in g  fo r  re le a se  o f  S V P 's  from secondary 
lysosomal v e s ic le s .  mRNA is  no t produced in lysosom es, 
e ith e r  because mRNA's a re  q u ic k ly  degraded w ith in  
lysosomes o r because n u c le o s id e  tr ip h o sp h a te s  (N T P 's ) 
a re  not found th e re .  The f i r s t  stage o f t r a n s c r ip t io n  
is  a slow , e a r ly  phase where mRNA Is  tra n s c r ib e d  from 
the paren ta l genome a f t e r  u n co a tln g , and th is  stage  Is  
independent o f p ro te in  s y n th e s is .  The mRNA's produced 
a re  capped and m ethylated  and a re  a c t iv e  In In v i t r o  
t ra n s la t io n  system s (Skup and M illw a rd , 1980). The 
co n se rva t iv e  n a tu re  of re o v lru s  r e p l ic a t io n  means th a t 
th is  e a r ly  mRNA Is  the so le  c a r r i e r  o f g en e tic
1 .3 .**.2 R e o v l ru s  t r a n s c r i p t i o n  j_g y _l v q
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in fo rm atio n  from parent to  progeny v ir io n s  and some or 
a l l  o f the mRNA's produced in the e a r ly  stage become 
packaged in immature p a r t ic le s  and copied in to  dsRNA 
m o lecu le s . The la t e r  (second) phase o f mRNA syn th e s is  
takes p la ce  a f t e r  syn th e s is  o f progeny dsRNA and 
in v o lv e s  the t r a n s c r ip t io n  o f progeny dsRNA m olecules 
w ith in  immature p a r t ic le s .  T h is  la t e r  t r a n s c r ip t io n  is 
f a s t e r  and the  amount o f mRNA produced g re a t ly  exceeds 
th a t o f e a r ly  mRNA. S tu d ies  using  ts  mutants n eg a tive  
fo r  dsRNA syn th e s is  o r eye Iohexim ide to  block p ro te in  
s y n th e s is  and hence la t e r  t r a n s c r ip t io n ,  suggest that 
80-95% o f t r a n s c r ip t io n  in in fe c te d  c e l l s  occurs in 
the la t e  phase ( I  to and J o k l i k ,  1972; Watanabe e t  a l . .  
1967). The mRNA produced by progeny p a r t ic le s  has 
been found to  be uncapped, the capping enzymes being 
la te n t  in these  immature p a r t ic le s  (Skup and M illw a rd , 
1980).
1 .3 .^ .2 .2  Contro l o f t r a n s c r ip t io n
The r e la t i v e  ra te  o f t r a n s c r ip t io n  o f each o f the 
mRNA sp ec ie s  has been determ ined by h y b r id is a t io n  of 
newly formed t r a n s c r ip ts  to  genome RNA by se ve ra l groups, 
who p ro v id e  c o n f l ic t in g  d a ta . Zweerink and Jo k l ik  (1970) 
measured the ra te  o f t r a n s c r ip t io n  of each mRNA species 
from 2h p . i . ,  when mRNA was f i r s t  d e te c tab le  u n t i l  the 
end o f the growth c y c le .  They observed tha t each mRNA
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sp ec ie s  was produced a t a con stan t ra te  throughout 
the in fe c t io n  c y c le ,  but th a t these ra te s  were 
d i f f e r e n t  from those seen in v i t r o , as summarised 
in ta b le  7 . P roduction  o f the la rg e r  mRNA sp ec ie s  
was observed to  be r e la t i v e l y  s low er than in v i t r o , 
p o s s ib ly  due to the presence o f le s s  than optim al 
co n ce n tra t io n s  o f Mg++ and N TP's in the c e l l s  as the 
c o n ce n tra t io n s  o f these  components a f f e c t  the r e la t i v e  
t r a n s c r ip t io n  ra te s  o f each mRNA in v i t r o  (see 
se c t io n  1 .3 .3 .1 .3 ) .  Contro l o f Mg++ and NTP 
co n ce n tra t io n  in s id e  c e l l s  is  thought to be a p o ss ib le  
method o f co n tro l o f  the ra te  o f t r a n s c r ip t io n  by 
re o v iru se s  (B ish o p , 1977). The h ig her r e la t i v e  
frequency o f t r a n s c r ip t io n  o f small mRNA's is  a ls o  
thought to be p a r t ly  due to  the observed se q u en tia l 
s y n th e s is  o f dsRNA - sm all sp ec ies  a re  formed f i r s t  
fo llo w ed  by m and t  s p e c ie s , which cou ld  leave  a steady 
s ta te  s itu a t io n  where th e re  a re  more sm a lle r dsRNA 
tem plates fo r  t r a n s c r ip t io n  (Zw eerin k , 1971* ) .
Watanabe e t a 1. (1968) a ls o  stud ied  the r e la t i v e  
t r a n s c r ip t io n  ra te  o f each mRNA throughout the c y c le ,  
but produced d i f f e r e n t  r e s u lt s .  They found th a t du ring  
e a r ly  t r a n s c r ip t io n ,  and during  t ra n s c r ip t io n  in the 
presence o f cyc lo h ex im ld e , o n ly  fou r RNA sp ec ies  were 
made • sk , s3 , m3 and ¿ 1 ,  w h ile  la te  t r a n s c r ip t io n
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a llow ed  p roduction  o f a l l  10 mRNA sp e c ie s . Sh a tk in  
and La F ian d ra  (1972) and Lau £l_. (1975) a ls o  
observed p roduction  o f the same fo u r mRNA sp ec ies  
on in fe c t io n  o f c e l l s  in the presence o f c y c lo h ex im id e . 
Spandidos and Graham (1976) observed production  o f the 
same fo u r mRNA sp ec ie s  during  non p e rm iss ive  in fe c t io n  
o f mammalian L c e l l s  w ith  an a v ia n  re o v iru s . The data 
th e re fo re  suggest th a t ve ry  e a r ly  In in fe c t io n  th e re  
is  some re g u la t io n  o f  t r a n s c r ip t io n  o f re o v iru s  genes. 
The re g u la tio n  is  p robab ly  by a host c e l l  f a c t o r ,  the 
fu n c tio n  o f which is  n e u t ra lis e d  by the gene products 
o f one o f the fo u r genes t ra n s c r ib e d , as S V P 's  is o la te d  
from in fe c te d  c e l l s  o r  produced by chym otrypsin 
d ig e s t io n  produce a l l  10 sp ec ies  o f  mRNA in v i t r o  
(L e v in  et  ^ a j_ . , 1970; Sh a tk in  and La F ia n d ra , 1972); and 
ts  mutants which produce le s s  than 1% o f the normal 
amount o f dsRNA can s t i l l  t ra n s c r ib e  a l l  10 sp ec ie s  o f 
mRNA (Cross and F ie ld s ,  1972; I to  and J o k l i k ,  1972). 
SV P 's  appear to be impermeable to even sm all p ro te in s  
such as r ib o n u c le a s e s , so the mechanism o f re g u la tio n  
o f t r a n s c r ip t io n  w ith in  SV P 's  by an o u ts id e  f a c to r  Is  
a t  p resen t a m ystery.
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During la t e r  s tages o f m orphogenesis, t r a n s c r ip t io n  
appears to be aborted  u n u su a lly  fre q u e n t ly  and th is  
produces la rge  q u a n t it ie s  o f 5 ' G-term inated 
o lig o n u c le o t id e s  (as d esc r ib ed  in  Sec tio n  1 .3 .3 .1 .4 ) ,  
which a l l  have sequences s im ila r  to  the 5 ' sequences 
o f re o v lru s  ' + ' s tran ds (Be llam y e_t a]_. , 1972). Po ly  A 
polym erase a c t i v i t y  a ls o  occurs a t  la t e r  s tages o f the 
mul t ip l i c a t  ion c y c le  _j_n v iv o  (S  i 1 ver s te in  et  ^ a j_ . , 197^ * ) .  
O lig o n u c le o tid e s  and o lig o a d e n y la te s  become sea led  in to  
the re o v iru s  p a r t ic le s  which become impermeable to NTP's 
and o lig o n u c le o t id e s  once they have acqu ired  o3 (th e  
la s t  stage in m a tu ra t io n ). About 25% o f the RNA in mature 
re o v iru s  p a r t ic le s  a re  these  o lig o n u c le o t id e s  (see 
Sec tio n  1 .3 .1 .2 ) ,  which have no known fu n c t io n .
1 .3*4 .3  T ra n s la t io n  o f re o v iru s  mRNA La y ly f l
Zweerinkand Jo k l ik  (1970) an a lysed  p ro te in  s yn th e s is  
in re o v iru s  in fe c te d  L c e l l s  a t  va r io u s  stages a f t e r  
in f e c t io n .  During the e a r ly  p e rio d  o f t r a n s c r ip t io n  
re o v iru s  p ro te in  s y n th e s is  was shown to  proceed very 
s lo w ly , but a f t e r  onset o f la t e  mRNA production  the 
v iru s  s p e c if ie d  p ro te in  syn th e s is  soon rep laced  tha t 
o f the h o s t . Using p o lya c ry lam id e  gel a n a ly s is  th is  
group id e n t if ie d  p rodu ction  o f a l l  the s t ru c tu ra l 
p ro te in s  described  by Sm ith e_t aj_. (1969 ), as w e ll as 
two o th e r p ro te in s  which they c a l le d  n o n - s tru c tu ra l.
1 .3 .  4 .2 . 3  P ro d u c t io n  o f  o l i g o n u c l e o t i d e s
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These were mo and o*t (now c a l le d  pNS and oN S). E a r ly  
p ro te in  s y n th e s is , du ring  which o n ly  a small p ro p o rtio n  
of the p ro te in s  syn th es ised  in c e l l s  were v i r a l ,  was 
ana lysed  by using  ac tin o m yc in  D and p r o f i le  su b tra c t io n  
o r  immune p r e c ip i t a t io n ,  but la t e r  stages o f  p ro te in  
s yn th e s is  cou ld  be ana lysed  d i r e c t l y .  The same 
p o lyp ep tid e  p a tte rn  was found a t a l l  stages In 
in f e c t io n .
Throughout the p ro te in  syn th e s is  p e r io d , 
app rox im ate ly  673 o f the v i r a l  mRNA was found to  be 
a sso c ia te d  w ith  polysom es, and each mRNA sp ec ie s  was 
bound to  ribosomes in app rox im ate ly  the same r e la t i v e  
p ro p o rtio n  as th a t in which i t  was tra n s c r ib e d  
(Ward e_t aj_. , 1972). Th is suggested th a t a l l  the 
mRNA's have the same r e la t i v e  a f f i n i t y  fo r  ribosom es.
In some cases the mRNA's were found lin ked  to g e th e r - 
on heavy ribosomes some o f the mRNA was found to be 
lin k e d  in the form o f r ib o n u c leo p ro te ln  complexes 
co n ta in in g  cap s id  p o lyp ep tid es  o f a l l  3 s iz e  c la s s e s  
(Ward and S h a tk in , 1972). These complexes were 
thought to  have some ro le  in the re g u la t io n  o f p ro te in  
synthes i s .
Both e t  aj_. (1975) improved the gel re so lu t io n  
and found two more re o v Iru s - s p e c If  led p ro te in s  In
1 .3 .** .3 .  T r a n s l a t i o n  o f  r e o v i r u s  mRNA in v i v o  ( C o n t ' d . )
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in fe c te d  c e l l s ,  b r in g in g  the to ta l to  e le ve n . A l i  of 
these p o lyp ep tid es  were a lso  found a f t e r  in v i t r o  
t r a n s la t io n  except p ic  (p2 in o ld  nom enclature) which 
was p resen t in la rge  q u a n t it ie s  in the cytop lasm . 
Pu lse-chase  a n a ly s is  showed th a t p ic  was not a prim ary 
gene product s in ce  in co rp o ra tio n  o f rad io lab e l in to  
p ic  increased  w ith  la b e l l in g  tim e , w h ile  the in co rpo r­
a t io n  in to  a l l  o th e r p ro te in s  was independent o f tim e. 
A ls o , as the amount o f p ic  increased  the amount o f pi 
conco m itan tly  decreased . Most o f the pi produced was 
converted  in to  p ic ,  by removal o f an 8K MW fragment 
from the amino term inus o f pi ( P e t t  £ t  a j^ ., 1973).
The enzyme re sp o n s ib le  fo r  th is  c leavag e  d id  not operate  
in any In v i t r o  t r a n s la t io n  system , and has not been 
id e n t i f ie d .  R e c e n t ly , o ther c leavag e  products o f reo- 
v iru s  prim ary gene products have been id e n t if ie d  by 
immune p r e c ip it a t io n  o f in fec ted  c e l l s  w ith  monoclonal 
an tib ody (Lee e_t_ » 198 lb ). These were c leavage  
products o f pNS (pNSc) and \2  (A2c) r e s p e c t iv e ly .
About 50% of pNS and 10% o f A2 were shown to  be c leaved  
but the fu n c tio n s  o f the two c leavag e  products were not 
determ ined.
Three ex tra  p o lyp ep tid es (c a l le d  X , Y , Z) a re  
de tected  In c e l l s  in fe c te d  a t  37SC but not a t  31°C .
These a re  not caps id  p ro te in s  and a re  not e s se n t ia l
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fo r  growth as v ir u s  y ie ld s  a re  h ig h e r a t  31°C than 
37 °C . X , Y and Z a re  th e re fo re  c a l le d  "non- 
e s s e n t ia l non-capsid p o ly p e p t id e s " , and a re  probably 
breakdown products o f o th e r p o lyp ep tid es  caused by 
leakage o f p r o te o ly t ic  enzymes from lysosom es.
A l l  the cap s id  p o lyp ep tid es  found in in fe c te d  
c e i l s  a re  ve ry  in s o lu b le , and most a re  found as 
p a r t ic u la t e  s t ru c tu re s  o r  agg regates th a t range in 
s iz e  and com p lex ity  from sim ple complexes o f m2 and 
o3 to  f u l l  o r empty c a p s id s , and these  a re  p o ss ib ly  
im portant in te rm ed ia tes  in m orphogenesis.
3 .4 .3 .2 .  R eg u la tio n  o f t r a n s la t io n  in in fe c te d  c e l l s
R eo virus t r a n s la t io n  in v iv o  is  c o n t ro lle d  a t 
se ve ra l le v e ls .  The frequency o f t r a n s la t io n  o f each 
o f the 10 mRNA's v a r ie s  w id e ly  as shown in Tab le  8 . 
The same r e la t i v e  e f f i c ie n c ie s  o f t r a n s la t io n  app ly 
throughout the growth c y c le  as w e ll as In v i t r o , 
im plying th a t the most im portan t. I f  not the o n ly , 
mechanism fo r  re g u la t in g  the t r a n s la t io n  freq u en c ie s  
o f the 10 sp ec ies  is  the sequence co n te n t.
Sequencing o f re o v iru s  mRNA's Is  o f  g re a t in te re s t  
e s p e c ia l ly  as id e n t i f ic a t io n  o f sequences sp e c ify in g  
e f f ic ie n c y  o f t r a n s la t io n  would be re le v a n t  to
1 . 3 . i*. 3. ( C o n t ' d ) .
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TABLE 8 Approxim ate r e la t i v e  fre q u e n c ie s  of
t r a n s c r ip t io n  and t r a n s la t io n  o f the 
10 reov i rus genes.
Gene
T ra n s c r ip t io n
frequency
T ra n s la t io n
frequency
T rans1 a t ion f  requ - 
ency / 1 ran sc r i p t i on 
frequency
L I 0.05 0.03 0.6
L2 0.05 0.15 3
L3 0.05 0.1 2
Ml 0.15 0.03 0.2
M2 0.3 1.0 3.3
M3 0.5 0.5 1
St 0 .5 0.05 0.1
S2 0 .5 0.2 0.1*
S3 1.0 0.3 0.3
S1* 1.0 0.7 0 .7
1 . 3 . 4 .3 .2 .  ( C o n t ' d . )
t r a n s la t io n  o f c e l lu l a r  mRNA's. C urren t knowledge 
o f re o v iru s  sequences Is  summarised In sec tio n
1 .3 .1 .3 .
Contro l Is  a ls o  m ediated by the re o v iru s  5 ' 
cap . 5 ' caps o f many e u c a ry o t ic  mRNA's have been 
co n s id e red  Im portant fo r  t h e ir  t r a n s la t io n ,  capped 
mRNA's being t ra n s la te d  more e f f i c i e n t l y  In v i t r o  
than uncapped mRNA's (S h a t k in ,  1976), although 
n a t u r a l ly  uncapped mRNA's (e .g .  p ic o rn a v iru s  mRNA's) 
a re  s t i l l  t ra n s la te d  e f f i c i e n t l y  In c e l l  fre e  system s. 
More s p e c i f i c a l l y ,  the 5 ' cap seems to  be an im portant 
re c o g n it io n  mechanism fo r  i n i t i a l  ribosome b ind ing  
and is  a ls o  im portant fo r  the genera l s t a b i l i t y  o f 
mRNA m o lecu les  in many c e l l  f r e e  t r a n s la t io n  systems 
(Revel and G roner, 1978). I t  has re c e n t ly  been shown 
th a t re o v iru s  t r a n s c r ip t io n  during  the f i r s t  fo u r hours 
in in fe c te d  c e l l s  produces capped and m ethylated  mRNA's, 
and th a t  these a re  t ra n s la te d  more e f f i c i e n t l y  in 
e x t ra c ts  o f u n in fec ted  c e l l s  than In In fe c te d  c e l l s .
The l a t e r  stage o f mRNA p roduction  p rov ides on ly  uncapped 
mRNA's, a s  the immature p a r t ic le s  which t ra n s c r ib e  them 
do not ex p ress t h e ir  g u a n y ltra n s fe ra se  and m ethylase 
a c t i v i t i e s  (Skup and M lllw a rd , 1980), and these uncapped 
mRNA's a r e  tra n s la te d  more e f f i c i e n t l y  in In fe c ted  c e l l s  
than In u n in fe c te d  c e l l s .  The uncapped mRNA m olecules
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presum ably have a d i f f e r e n t  mechanism o f In i t ia t io n  
from e a r ly  mRNA, as the e f f ic ie n c y  o f t r a n s la t io n  in 
t h is  second stage  o f syn th e s is  appears to  be h ig h .
T h is  may improve co m p e tit io n  between v i r a l  and 
c e l l u l a r  messengers on ribosomes which have a lre a d y  
met capped v i r a l  m essengers. T h is  is  a novel co n tro l 
mechanism and is  not ye t understood .
A common m o d if ic a t io n  o f e u c a ry o t ic  mRNA is  
a 3 ' po ly  A t a i l ,  and th is  Is  thought to  a f f e c t  
t r a n s la t io n  o f mRNA's by im proving t h e i r  s t a b i l i t y  
and th e ir  a b i l i t y  to  su s ta in  long term t r a n s la t io n .  
R eo v iru s  mRNA la ck s  3 ‘ p o ly  A , but has been shown to  
be ex trem ely  s ta b le  when in je c te d  in to  Xenopus 
o o cy tes  (McCrae and Woodland, 1981) so must have o th e r 
means o f m a in ta in in g  I t s  genera l s t a b i l i t y .  However, 
the p o s s ib i l i t y  th a t  po ly  A p reven ts  3_ 5 ‘ exonuclease  
b ind ing  and so p ro tects  the RNA a g a in s t  nu c lease  
d ig e s t io n  has not been ru led  o u t.
3.3 • ^ ». 3 R eo v iru s  t r a n s la t io n  in  y i t r a
C e ll f r e e  t r a n s la t io n  o f re o v iru s  mRNA was 
f i r s t  ach ieved  In cy to p la sm ic  f r a c t io n s  o f re o v iru s  
in fe c te d  L c e l l s  c o n ta in in g  v ir u s - s p e c i f ic  polysomes 
(McDowell and J o k l i k ,  1971), and the syn th e s is  o f 6
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s t ru c tu ra l p o lyp ep tid es  and two n o n -stru c tu ra l 
po lyp ep tid es  was Id e n t i f ie d .  In la t e r  s tu d ie s , 
exogenous re o v iru s  mRNA was tra n s la te d  in mammalian 
c e l l- f r e e  e x t ra c ts  (L e v in  et  ^ a j_ ., 1971; G raz iade i 
and Lengyel , 1972; McDowell £ t  aj_. , 1972). McDowell 
et^ al_. (1972) found th a t la rg e r  mRNA's were tra n s la te d  
most e f f e c t i v e l y  in ra b b it  r e t ic u lo c y te  ly s a te s  and 
they id e n t if ie d  8 prim ary gene p roducts . Using h ig her 
re so lu t io n  gel a n a ly s is ,  Both e t  aj_. (1975) found a l l  
10 prim ary gene products a f t e r  t r a n s la t io n  In a 
wheatgerm system . The p rim ary gene products were 
confirm ed by t h e i r  com ig ra tion  w ith  v i r a l  p ro te in s  
and by t h e ir  m o lecu la r w e igh t which was co n s is te n t  w ith  
the coding p o te n t ia l o f the  mRNA's.
More d e ta i le d  s tu d ie s  on i n i t i a l  steps of 
t r a n s la t io n  have been c a r r ie d  out by Kozak and Shatk in  
(1977b ,1978), and these have genera l re le van ce  In 
e u ca ry o t ic  t r a n s la t io n  system s. Kozak and S h a tk in 's  
o b se rva t io n s  fo llo w ed  the e a r l i e r  ones o f L e v in  e t a l . (1972), 
who showed th a t a l l  th ree  s iz e  c la s s e s  o f mRNA formed 
complexes w ith  ^ S-m e th lo n y l tRNA and s a l t  washed kOS 
and 60S ribosomes a t  a puromycln s e n s it iv e  ribosome 
s i t e .  Kozak and Shatk in  (1977b)subsequently 
dem onstrated th a t  the f i r s t  step In t r a n s la t io n  was 
the b ind ing  o f the kOS rlbosomal subunit a t  the 5 '
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term inus o f mRNA. The ribosome never bound to  in te rn a l 
re g io n s , and had g re a te r  a f f i n i t y  fo r  capped than un­
capped mRNA, a lthough i t  a ls o  bound s ig n i f ic a n t  
q u a n t it ie s  o f uncapped mRNA. The kOS su b u n it covered 
about 50-60 res id u es  along the 5 ‘ end. Once bound, 
the kOS subun it moved along the mRNA to the  f i r s t  
in i t i a t io n  codon, and then combined w ith  the  60S 
su b u n it, m ethionyl tRNA and in i t ia t io n  f a c t o r s .  The 
secondary s t ru c tu re  o f the mRNA was im portant fo r  the 
b ind ing  o f the 60S su b u n it. T ra n s la t io n  then proceeded 
n o rm a lly : the la t e r  stages o f in v i t r o  t r a n s la t io n  
have not been s tu d ied  in d e t a i l .
1.3.**.**. Gene-prote in  coding assignm ents o f re o v iru s
As re o v iru s  RNA is  segmented, i t  was t h e o r e t ic a l l y  
p o ss ib le  to  t r a n s la te  each in d iv id u a l mRNA sp ec ie s  in 
v i t r o  and determ ine i t s  p ro te in  p ro du ct. The main 
d i f f i c u l t y  was the is o la t io n  o f homogeneous p rep a ra tio n s  
o f each mRNA, p a r t ic u la r ly  the la rg e r  sp e c ie s  In 
s u f f ic ie n t  q u a n t it y .  In a new approach, McCrae and 
Jo k l ik  (1978) is o la te d  the 10 in d iv id u a l genome segments, 
denatured the dsRNA In 90% dim ethyl su lpho x ide  a t  50°C 
and then d ilu te d  them in to  a wheatgerm t r a n s la t io n  system , 
b e fo re  re n a tu ra t io n  cou ld  o ccu r. Th is approach was 
su ccess fu l - the dsRNA m olecules were t r a n s la te d  In to  
com plete p ro te in s , and the po lyp ep tid e  encoded by each
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genome segment was th e re fo re  determ ined. The gene­
coding assignm ents found by th is  group a re  summarised 
in F ig . 11 . Mus toe  et  ^ aj_. ( 1978) obta ined the same 
re s u lts  in reasso rtm ent experim ents . The genes and 
p ro te in s  o f the th re e  se ro types o f mammalian re o v iru s  
have d e te c tab le  s iz e  d i f fe r e n c e s ,  and in most 
re a sso rtan ts  the o r ig in  o f each gene (and i t s  p ro te in ) 
can be determ ined . Mustoe e t  a I . (1978) produced 
rea sso rtan ts  between the th ree  se ro types and c o rre la te d  
the changes in m ig ra tio n  o f genome segment w ith  the 
corresponding changes in p ro te in  m ig ra t io n .
R e ce n tly , L e v in  and Samuel (1980) have determ ined 
coding assignm ents o f  the fo u r small RNA sp ec ies  by the 
d ir e c t  method o f is o la t in g  in d iv id u a l mRNA m olecules 
and t ra n s la t in g  each one. T h e ir  r e s u lt s  agree  w ith  
those o f McCrae and J o k l ik  (1978) and they were a ls o  
ab le  to determ ine the  r e la t i v e  t r a n s la t io n a l  e f f ic ie n c ie s  
o f each mRNA. The t r a n s la t io n a l  e f f ic ie n c y  o f each mRNA 
agreed w ith  r e s u lt s  ob ta in ed  In v iv o , suggesting  that 
com petition  between the s-mRNA sp ec ies  is  in s ig n if ic a n t  
and tha t the sequences determ ine t r a n s la t io n a l e f f ic ie n c y .
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RNA
Species P ro te in
1 .3 .** .5 R e o v iru s  m orphogenes is
1.3 .4 .5 .1  Form ation o f progeny dsRNA
Schonberg ejt aj_. (1971 Jdem onstrated th a t the 
re o v iru s  p lus stranded  t r a n s c r ip t s  (mRNA) served as 
tem plates fo r  t r a n s c r ip t io n  o f minus s t ra n d s , which 
remained a s s o c ia te d  w ith  the tem p late  form ing dsRNA. 
The enzyme c a ta ly s in g  th is  re a c t io n  is  la b e l le d  the 
ss dsRNA polym erase (Zw eerink  e£  a j_ . , 1972). 
Form ation o f dsRNA commences a t  about **h a f t e r  
in fe c t io n .  I t  o ccu rs  in  the e a r ly  immature p a r t ic le s  
which co n ta in  p lus stranded t r a n s c r ip t s  in RNAase 
s e n s it iv e  form (Acs et_ a_1_., 1971) surrounded by 
X i ,  X2 , a2 and p ic  (Morgan and Zw eerin k , 197*0. The 
dsRNA remains a sso c ia te d  w ith  the p a r t ic le s  and is  
never found f r e e  in the cytop lasm  (Gom atos, 1967). 
Equal numbers o f a l l  sp ec ie s  o f  dsRNA a re  formed 
(Watanabe et  ^ a j_ . , 1968): the mechanism by which each 
p a r t ic le  re c e iv e s  one o f each o f 10 RNA m olecu les is 
as ye t unknown. S yn th e s is  o f s ,  m and t dsRNA's in 
p a r t ic le s  is  se q u en tia l (Z w ee r in k , 197*0.
1 .3 .**.5 .2  Assembly o f p a r t ic le s
The most immature v ir io n  p re cu rso rs  a re  the 
p a r t ic le s  w ith in  which dsRNA is  form ed, c o n s is t in g  
o f RNAase s e n s it iv e  complexes o f 10 s in g le  stranded 
RNA sp ec ies  and some v iru s  s p e c if ie d  p o lyp ep tid es .
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These p a r t ic le s  a re  u n s tab le  and heterogeneous in n a tu re  
so i t  has been d i f f i c u l t  to  p u r ify  them. The p a r t ic le s  
in crease  in sed im entation  c o e f f ic ie n t  s e q u e n t ia lly  as 
each s iz e  c la s s  o f dsRNA is  made. M o lecu les o f the S ,
M and L c la s s e s  a re  formed in p a r t ic le s  th a t sediment a t  
about 250, <*50 and 550S re s p e c t iv e ly  (Zw eerink , 197<*).
The most s ta b le  o f these  su b v ira l p a r t ic le s  resemble c o re s ,  
co n ta in  dsRNA and the same p ro te in s  as in e a r ly  SV/P's, 
namely A i ,  A2 , 02 and p ic  (Morgan and Zw eerink , 197<*)
and a re  re sp o n s ib le  fo r  la t e  t r a n s c r ip t io n .  This s e r ie s  
o f core-1 ike p a r t ic le s  accum ulate  in c e l l s  In fe c ted  a t  
39 °C , and a re  the products o f in fe c t io n  w ith  c e r ta in  ts  
mutants (F ie ld s  e£ a j_ . , 1971; Morgan and Zweer in k , 197<*).
The mechanism o f m atu ration  o f these c o re - lik e  
p a r t ic le s  In to  com plete v ir io n s  is  unknown. The f in a l  
stage appears to  be a d d it io n  o f the p o lyp ep tid e  a3, 
which a b o lish e s  t ra n s c r ip ta s e  a c t i v i t y  (A s te l l  e t a i . ,
1972). V iru s  is o la te d  from in fe c te d  c e l l s  which were 
p u ls e - la b e lle d  ve ry  b r i e f l y  Ju s t  p r io r  to  d is ru p tio n  
are  la b e lle d  o n ly  In o3 ( J o k i ik ,  1981). Pa ren ta l 
SVP 's  a ls o  a cq u ire  o3 (and o l ) ,  and these a re  
lib e ra te d  w ith  the new ly formed progeny p a r t ic le s  a t 
the end o f the re p l ic a t io n  p rocess. These paren ta l
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p a r t ic le s  s t i l l  lack  p a rt o f p ic  and t h e i r  in f e c t l v i t y  
has not been determ ined.
1 .3 .^ .6  Reovirus pathogenesis
Reoviruses (R e s p ira to ry  E n te r ic  Orphan V iru se s ) 
as the acronym reminds us a re  not a s s o c ia te d  w ith  any 
p a r t ic u la r  d isease  in man and l i t t l e  work has been 
done on th e ir  pa thogenesis . They a re  o c c a s io n a lly  
a sso c ia te d  w ith  re s p ira to ry  d is e a s e , but a re  e s s e n t ia l ly  
e n t e r ic .  Some d e ta ile d  p a th o lo g ic a l s tu d ie s  have 
re c e n t ly  been made because o f the  c u rre n t  in te r e s t  in 
the m o lecu la r b a s is  o f re o v iru s  v ir u le n c e .  D esp ite  the 
f a c t  th a t sero type  3 has been a s s o c ia te d  w ith  h e p a t i t is  
and d ia rrh o ea  in m ice ,o n ly  se ro typ e  1 has been seen to 
m u lt ip ly  in in t e s t in a l t is s u e .  The p rim ary  s i t e  o f 
m u lt ip l ic a t io n  is  unknown, but the v iru s e s  e n te r  M 
c e l l s  o f the in t e s t in a l  e p ith e tiu m  and spread from 
th e re  In to  Peyers pa tches. M c e l l s  o v e r l ie  Peyers  
patches in the in t e s t in e .  A f t e r  r e p l ic a t io n  In the 
In te s t in e ,  the v iru s  spreads to  more d is t a l  s i t e s ,  
and e v e n tu a lly  in fec ts  the b ra in  t is s u e  (se ro typ e s  1 
and 3 ).  Sero type 1 is  a s s o c ia te d  w ith  n o n - le th a l 
hydrocephalus and in fe c ts  ependymal c e l l s .  Sero type  3 
causes a c u te , le th a l e n c e p h a l it is  and in fe c ts  on ly 
neuronal c e l l s ,  and never ependymal c e l l s .  The 
m o lecu la r b a s is  fo r  the d i f f e r e n t  t is s u e  trop lsm
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of th e  v iru s  is  c o n t ro lle d  by the o l p ro te in ,  as 
desc r ib ed  in se c t io n  1 .4 .1 .
1.3*5 R o ta v iru s  R e p lic a t io n
R o ta v iru s e s  g e n e ra lly  grow p o o rly  in cu ltu re d  c e l l s ,  
but a s  they m u lt ip ly  w e ll in the small in t e s t in e  of 
th e ir  anim al h ost much o f  the u l t r a s t r u c tu r a l  study o f 
ro ta v ir u s  r e p l ic a t io n  and morphogenesis in in fe c te d  
c e i l s  has been done in the anim al h o s t. The cu rren t 
knowledge o f t h e i r  m u lt ip l ic a t io n  in c e i l  c u ltu r e  and 
animal hosts is  describ ed  below .
1 .3 .5 .1  F a c to rs  a f f e c t in g  ro ta v ir u s  growth in t is s u e  c u ltu re
The d i f f i c u l t y  in growing ro ta v iru s e s  in t is s u e  
c u ltu r e  has been one o f the  g re a te s t  stum bling  b locks 
In ro ta v ir u s  re se a rc h . SA-11, se ve ra l c a l f  ro ta v ir u s e s ,  
p o rc in e  ro ta v iru s e s  and a v ia n  ro ta v iru s e s  have now been 
adapted to  growth In c e l l  c u ltu r e s  (M alherbe and 
S tr lck la n d - C h o lm le y , 1967; Mebuset^ a l_ ., 1971; Welch and 
Tw iehaus, 1973; B r ld g e r  and Woode, 1975; L 'H a rd io n  and 
S c h e r re r , 1976; Chasey, 1977; T h ie l e t  a l_ . , 1977;
McNulty et_ a j_ ., 1979). The growth o f human ro ta v iru s  
in p rim ary c u ltu r e s  o f A f r ic a n  green monkey k idney c e i l s  
was ach ie ved  o n ly  a f t e r  11 passages In g n o to b io t ic  
p ig le ts  (W yatt e£  a j_ . , 1980).
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R o ta v iru ses  in fe c t  v i l l i  o f the sm all in te s t in e  
in v iv o , so the reason fo r  t h e ir  i n a b i l i t y  to grow in 
t is s u e  c u ltu re  was o r ig in a l l y  thought to  be due to the 
f a c t  th a t they o n ly  in fe c te d  d i f f e r e n t ia t e d  c e l l s .  
However, growth in continuous c e l l  l in e s  has now been 
ach ie ve d . As v iru s e s  were o ften  observed  on the 
m ic ro v il lo u s  brush b o rd e r, i t  was suggested th a t the 
la c ta s e  presen t th e re  may a c t  as re cep to r and uncoating 
enzyme fo r  ro ta v iru s e s  (Holmes e t  a l_ . , 1976). However, 
non-adapted v iru s e s  o ften  in fe c t  c e l l s  w ith o u t la c ta se  
on th e ir  su rface  and syn th e s ise  v ir u s  s p e c i f ic  p ro te in  
(M cN u lty , 1978; Thou less, 1979), so the b lock  to  growth 
appears to  be la t e r  in In fe c t io n .  M cNulty (1978) has 
observed m assive p roduction  o f c o r e le s s ,  d e fe c t iv e  
p a r t ic le s  on non-productive  In fe c t io n .  P a n c re a t ic  
enzymes were a ls o  p o stu la ted  to be im portant fo r  
in f e c t i v i t y  (T h ie l e t  a j_ ., 1977, 1978). These w l1 1 
be d iscussed  In the next s e c t io n .
'• 3 .5 .2  A d so rb tlo n , uptake and uncoatinq In In fe c te d  c e l l s
R o ta v iru s  adso rb tion  onto p e rm iss ive  c e l l s  occurs 
a t  1*°C o r  37°C and is  ro u t in e ly  a llo w ed  one hour to 
com plete. An In te re s t in g  fe a tu re  o f ro ta v ir u s  adsorb tlon  
to c e l l s  is  tha t I t  appears to be g r e a t ly  enhanced by 
low-speed c e n t r ifu g a t io n  during  the ad so rb tlo n  period
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(Banatva la  e£ aj_. , 1975; Bryden e£ a j_ ., 1977), e s p e c ia l ly  
w ith  ro ta v iru s e s  not adapted to  t is s u e  c u lt u r e .  Th is 
process p o ss ib ly  co n cen tra te s  v i r a l  agg regates onto the 
c e l l s  and f i l t r a t i o n  o f the v iru s  stock  p r io r  to 
ad so rb tio n  re ve rse s  the e f f e c t  (Schoub e£  a j_ . , 1979).
No o b se rva t io n s  on the uptake o f ro ta v iru s e s  in to  c e l l s  
have been made, but p a r t ia l  uncoatin g  w ith in  in fe c te d  
c e l l s  has been dem onstrated (C la rk  et  ^ aj_. , 1980). This 
'u n co a tin g ' in v o lv e s  removal o f th re e  o u te r  sh e ll 
p ro te in s ,  an in c re a se  in d e n s ity  o f 0.02 g/ml and the 
t r a n s c r ip ta s e  is  a c t iv a t e d .  The p rocess is  th e re fo re  
analagous to  the mechanism o f t r a n s c r ip ta s e  a c t iv a t io n  
in v i t r o  (Cohen, 1977). The in n er s h e ll  o f  the  v iru s  
is  not d is ru p ted  du ring  u n co a tin g .
V iru s  in fe c t io n  o f c e l l s  in t is s u e  c u ltu r e  was 
shown to be g r e a t ly  enhanced by the p resence o f 
p an c rea tin  or t r y p s in  in the c u ltu r e  medium (A lm eida 
et a j_ . , 1978; TheM e_t , 1978). P re trea tm en t o f c e l l s  
w ith  try p s in  d id  not enhance I n f e c t l v i t y ,  but pretreatm ent 
o f v iru s  d id  (Babiuk e t a l . , 1977; Alm eida et_ a j_ . , 1978;
B a rn e tt  e£ a_1_., 1979; C la rk  e£ a j_ ., 1979; Schoub e t a l . .  
1979). P re trea tm en t o f p u r if ie d  v ir u s  p re p a ra t io n s  a ls o  
enhanced t h e ir  I n f e c t i v i t y ,  in d ic a t in g  th a t I t  d id  not 
sim ply d ig e s t v i r a l  In h ib i to r s  In the growth medium
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(Graham and E s te s ,  1980). C la rk  e t a]_. (1981) found 
tha t t ry p s in  treatm ent o f v iru s  had no e f f e c t  on 
d isp e rs in g  v i r a l  aggregates o r on the attachm ent of 
v iru s  to c e l l s ,  but tha t i t  enhanced in f e c t i v l t y  by 
a llo w in g  a g re a te r  f r a c t io n  o f pa ren ta l v iru s  to 
uncoat a f t e r  in fe c t io n .  o f t r y p s in - tre a te d
p a r t ic le s  had uncoated by 1h a f t e r  a d s o rb t io n , compared 
w ith  15% o f un trea ted  p a r t ic le s ,a n d  t ry p s in - tre a te d  
p a r t ic le s  a ls o  syn thesised  2- fo ld  more v i r a l  RNA than 
un trea ted  p a r t i c le s .  T rypsin  treatm ent o f v i r u s  
p a r t ic le s  c le a v e s  one of the ou te r sh e ll p o lyp ep tid es  
(VP3) in to  two sm a lle r p ro te in s , but does not i t s e l f  
cause u n co a tin g . Other p r o te o ly t ic  enzymes w ith  the 
same e f f e c t  in c lu de  p an crea tin  and e la s ta s e ,  bu t 
chym otrypsin  and la c ta se  do not enhance in f e c t i v i t y  
(E s te s  a j_ . , 1 981 ). Some o f VP2 is  a ls o  c le a v e d  by 
some o f the enzymes, such as t r y p s in ,  but th e se  
c le avag es  do not a f f e c t  in f e c t i v i t y .
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R o tav iru ses  s p e c i f i c a l l y  in f e c t  the small in te s t in a l 
v i l l u s  ep ith e liu m  o f young mammals (M cN u lty , 1979). Most 
a re  found in the t a l l  colum nar c e l l s ,  ra th e r  than 
cubo ida l o r squamous e p i t h e l i a l  c e l l s ,  and have a ls o  been 
id e n t if ie d  in s u b - e p ith e lia l m acrophages, r e t ic u la r  c e l l s  
o f the v i l l u s  lam ina p ro p r i and upper m esen teric  lymph 
node (S ta  i r e£ a_K , 1973; Mebus et_ £ l_ ., 1977). The natu re  
o f the re cep to rs  o r th e  mechanism o f e n try  is  not known 
but v iru s e s  have been observed on the m ic ro v i l lu s  brush 
border and a re  th e re fo re  probab ly phagocytosed .
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The f i r s t  rep o rts  o f  ro ta v iru s  p ro te in  s yn th e s is  in 
in fe c te d  c e l l s  came from Thouless (1979) and Matsuno and 
Mukoyama (1979 ). They compared s t ru c tu ra l po lyp ep tid es 
w ith  those produced in in fe c te d  c e l l s  pu lse  la b e lle d  w ith  
^ S - m e th io n in e  2-10h post in fe c t io n .  V iru s  p ro te in  
syn th e s is  was d i r e c t ly  d e te c ta b le  by Ah a f t e r  In fe c t io n  
and predom inated o ve r c e l lu l a r  p ro te in  s y n th e s is  by 6h 
a f t e r  in f e c t io n .  Thouless id e n t if ie d  p roduction  o f a l l  
the s t ru c tu ra l po lyp ep tid es  reported p re v io u s ly  (T ab le  5, p5o) 
except VPA.2 and VP7.2 and observed p roduction  o f each to 
s t a r t  a t  about the same tim e . Two p o lyp ep tid es  m igrated 
c lo s e ly  in the reg ion o f VP3 (namely VP3 and V PA ). In 
a d d it io n ,  Thouless id e n t i f ie d  th ree  n o n - s tru c tu ra l p o ly ­
pep tides - two m igrated j u s t  f a s t e r  than VP7, had m o lecu la r 
w e igh ts  o f 33K and 31K and were c a l le d  VP8 and VP9, and one 
m igrated ahead o f VP10 and had a m o lecu la r w e igh t o f 17K. 
Matsuno and Mukoyama d id  not re so lv e  VP3 and VPA o r recogn ise  
VP8 and VP9, p o s s ib ly  due to  poor gel r e s o lu t io n ,  but found 
an a d d it io n a l n o n - s tru c tu ra l p o lyp ep tid e  o f  13 .5K. Both 
groups id e n t i f ie d  VP5 as n o n - s t ru c tu re l, but Thouless 
suggested I t  was a p recu rso r o f VPA .2. These fin d in g s
f ).U rqu ld i e t a l .  (1981) described  
the same b a s ic  po lyp ep tid e  p a tte rn  w ith  o n ly  two non- 
s t ru c tu ra l p o lyp e p tid e s , VP5 and VP8. The gel re so lu t io n  
was In s u f f i c ie n t  to d i f f e r e n t ia t e  VP7, VP7 .1 , VP8 and 
VP9 o r the two in fe c te d  c e l l  p ro te in s  VP3 and VPA.
1 . 3 . 5 .A .1  S y n t h e s i s  o f  r o t a v i r u s  p r o t e in s  in v i v o
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1.3 - 5 .^ . 1 ( C o n t ' d . )
McCrae and Fau lkner-Va l le  (1981) re so lved  a l l  the 
in fe c te d  c e l l  p o lyp ep tid es  desc r ib ed  p re v io u s ly  and 
noted se ve ra l p o s t t r a n s la t io n a l m o d if ic a t io n s , 
d iscussed  in se c t io n  1 .3 .5 .4 .? .  A r ia s  e_ta j_. (1982) 
confirm ed p rev iou s o b se rva t io n s  on these p o lyp e p tid e s .
No s tu d ie s  have been undertaken on the r e la t i v e  
e f f ic ie n c ie s  o f t r a n s la t io n  o f each mRNA s p e c ie s , but 
33S-m ethionine appears to  in co rp o ra te  most s t ro n g ly  
in to  VP6 , fo llow ed  by VP7, VP8 , VP10, VP2 and VP3 In 
app rox im ate ly  th a t o rd e r and com parison o f 
35S m e th io n in e- lab e lle d  and s ta in e d  s t ru c tu ra l p ro te in s  
show an approxim ate c o r r e la t io n  (d e sc rib e d  in ch ap te r 1» 
o f th is  T h e s is ) .  VP1 , VP9 and VP11 were p o o rly  
t r a n s la te d , and VPS forms a d i f fu s e  band. F ig u re  1 o f ch ap te r k 
i l lu s t r a t e s  the r e la t i v e  amounts o f p ro te in  in in fe c te d  
c e l l s .  As ro ta v iru s  mRNA seems to be tra n s c r ib e d  in 
v i t r o  in a s im ila r  manner to  re o v iru s  mRNA w ith  few er 
high than low m o lecu la r w eight t r a n s c r ip t s  being 
produced, these d if fe re n c e s  in p ro te in  q u a n t ity  p robab ly 
in d ic a te  th a t some t r a n s la t io n a l c o n tro ls  a re  o p e ra t in g .
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1 .3 -5 .H .2 S tu d ie s  on m o d if ic a t io n s  o f  ro ta v iru s  po lypep tides
Recent s tu d ie s  on ro ta v ir u s  po lypep tide  syn th e s is  
in v iv o  have improved the understand ing  o f ro ta v iru s  
p o lyp ep tid es  by d e f in in g  se v e ra l p o s t- tra n s la t io n a l 
m o d if ic a t io n  steps in vo lve d  in the production  of 
in fe c t  ious v i  ru s .
a ) T rypsin- induced  c le a v a g e s . Matsuno and
Mukoyama (1979) examined the e f f e c t  o f try p s in
on the p o lyp ep tid e  com position  o f p u r if ie d
ro ta v iru s  and, w h ile  they id e n t if ie d  severa l
new po lyp ep tid e  bands, e s p e c ia l ly  o f lower M .W .,
and observed decreased  q u a n t it ie s  o f VP3 and
VPi*.2 , they cou ld  no t a s s o c ia te  the tryp s in -
induced enhancement o f  in f e c t i v i t y  w ith
on*.
p r o te o ly t ic  c le a va g e  o f  any^ p o lyp ep tld e . L a te r ,  
Espe jo  e_t aj_. (1981) us ing  SA-11 c le a r ly  showed 
th a t t ry p s in  caused th e  s p e c i f ic  c leavag e  o f 
p o lyp ep tid e  VP3 In to  two sm a lle r po lypep tides 
they c a l le d  VP5 (VP**.2 in our nom enclature) and 
VP8 (VP l*.3 ) ,  and th a t t h is  p r o te o ly t ic  c leavage  
was a s s o c ia te d  w ith  the  enhancement of 
i n f e c t i v i t y .  Th is was confirm ed by s in g le  
dim ension pep tide  mapping and a ls o  In la te r  
re p o rts  by Es tes  et_ a_l_. (1981 ); C la rk  e t a l .
(1981) and O ya ll- Sm lth  and Holmes (1981).
lOA
Estes £ t aj_. (1981) a ls o  id e n t if ie d  V P3 *, k* 
and a 53K m o lecu lar w e igh t p o lyp ep tid e  
(p re v io u s ly  c a l le d  VP3 , VPl* and VP5 [McCrae 
and F a u lk n e r- V a lIe , 1981]) as t ry p s in  c leavag e  
products o f VP2, a lthough not a l l  VP2 became 
c le a ve d . This means th a t VP3* is  a d i f f e r e n t  
po lypep tide  from VP3 and t h is  f a c t  may c l a r i f y  
the question o f whether ro ta v ir u s  had two 
s t ru c tu ra l po lypep tides in  the VP3 reg ion  o r a 
s in g le  one. The 53K c le a va g e  product com igrates 
w ith  a prim ary gene product (VP5) a ls o  seen in 
in fec ted  c e l l s ,  but Es tes  £ t  aj_. (1981) showed 
by s in g le  dimension p e p tid e  mapping th a t  the 53K 
c leavage  product and the 53K prim ary gene product 
(VP5) a re  u n re la te d , and th a t  VP3*, VP4* and 53K 
shared many common p ep tid es  w ith  VP2. The 
proteases p an crea tin  and e la s ta s e  were a ls o  shown 
to  enhance in f e c t i v i t y  - th ese  c le a ved  VP3 to 
produce VP4.2 but formed o th e r  sm all c leavag e  
products and not VPl*.3. E s te s  et  ^ aj_. (1981) 
th e re fo re  concluded tha t VPl*.2 was the c leavag e  
product of b io lo g ic a l im portance. Chym otrypsin 
was a lso  shown to c le a ve  VP3 but d id  not enhance 
In f e c t i v i t y :  VP3 was c le a ve d  in to  \IPk. 2 and 
VPl*.3, but VPl*.2 was then fu r th e r  degraded In to  
sm alle r fragm ents. This co u ld  ex p la in  the observed
. 3 . 5 . A . 2 a )  T ryp s in - in d u c e d  c le a v a g e s  ( C o n t ' d ) .
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. 3 . 5 . A . 2 a )  T ryp s in - in d u c e d  c le a v a g e s  ( C o n t ' d ) .
loss o f VPU.2 by Matsuno and Mukoyama (1981) in 
try p s in  tre a te d  v ir u s  i f  t h e i r  t ry p s in  p rep a ra tio n  
was contam inated w ith  ch ym o tryp s in . T h e ir  v iru s  
inoculum presumably co n ta in ed  some t r y p s in - lik e  
p ro tease  s in ce  VPk.2 was p re s e n t . C la rk  e t  a l . 
(1981) s tu d ied  the e f f e c t  o f  t ry p s in  on p u r if ie d  
c a l f  ro ta v iru s  and showed th a t  VP3 was c leaved  
in to  po lyp ep tid es  o f m o lecu la r w eight 67K and 20K. 
The sm a lle r c le a vag e  product was sm a lle r than tha t 
reported  fo r  SA-11 by Espe jo  et £]_. ( I9 8 l)a n d  
Estes  e_t al_. (19 8 1) but they a ls o  cla im ed th a t the 
M .W .'s  o f the o th e r sm a lle r p ro te in s  were 
c o n s is te n t ly  lower than those reported  e lsew here  
(T h o u le ss , 1979; McCrae and F a u lk n e r- V a lle ,  1981; 
Novo and Esparza , 1981). The th ree  Independent 
s tu d ie s  described  in th is  s e c t io n  p resen t evidence 
f o r  b io lo g ic a l ly  im portant tryp s in - in d u ced  c leavag e  
o f  VP3 in to  de fin ed  p roducts as  w e ll as c leavag e  o f 
VP2 . The tryps in - in d u ced  c le a va g es  a re  summarised 
in  f i g . 12.
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— — I i y p s i n -induced c le a vag es  o f ro ta v ir u s  p rn .........
*♦ .3
id e n t if ie d  the s t ru c tu ra l p o lyp ep tid e  VP7.1 as
a g ly c o p ro te in  by p e r io d ic  a c id - S c h if f  s ta in in g .
L a te r ,  Matsuno and Mukoyama (1979) w ith  
14C-glucosamine la b e l l in g  showed th a t th e ir  VP7 
(ou r VP7 .1 : see F i g J l )  was g ly c o s y la te d . A more 
co n v in c in g  study by McCrae and Fa u 1kner-Va1 Ie  
(1981) was undertaken by p u ls e - la b e ll in g  
po lyp ep tid es  in in fe c te d  c e l l s  w ith  ^H-glucosamine 
and a ls o  by pu lse  la b e l l in g  the p o lyp ep tid es  in 
the presence o f the g ly c o s y la t io n  in h ib i t o r ,  
t r in ic a m y c in . They id e n t if ie d  VP7 (own nom enclature) 
as a g ly c o p ro te in  and i t s  p re cu rso r as vpr7 (Fig l'- i) 
and found a second g ly c o p ro te in  VP10 d e rived  from 
VP12. A r ia s  et_ al_. (1982) con firm ed  these re s u lts  
and a ls o  showed th a t in both cases  the 
o lig o sa c ch a r id e s  were c le a v a b le  by endog lycosidase  H. 
(endo- S -N -acety1 g Iucosam in idase  H) , an enzyme tha t 
h yd ro lyses  mannose-rich ch a in s  from  g ly co p ro te in s  
(T a ren tin o  and M a ley , 1971*) , le a v in g  the u n g lyco sy la ted  
p re cu rso r . Th is in d ica ted  th a t the  o lig o sa cch a r id e s  
on these  g ly c o p ro te in s  were r ic h  In mannose.
Estes  e_t a_l_. (1981) p u r if ie d  v iru s  grown In the 
presence o f ^H-glucosamine and id e n t if ie d  VP7 and 
VP7a (ou r VP7.1 and VP7.2) as g ly c o p ro te in s . They 
d id  not id e n t if y  VP10 in p u r if ie d  v iru s  p a r t ic le s ,
. 3 .5 .  *♦. 2 b) G l y c o s y l a t i o n  . Rodger £ t  a K  (1977) i n i t i a l l y
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1 .3 .5 .** .2  b) G l y c o s y l a t i o n  ( C o n t 'd . )
u n lik e  McCrae and Fa u ik n e r- V a lie  (1981 ), p o s s ib ly  
because i t  is  a ve ry  minor component and w eak ly 
la b e l le d .  The g ly c o s y la t io n  steps a re  summarised 
in f ig u r e  13.
c ) P o lyp e p tid e  c leavag es not induced by t r y p s in .
McCrae and Fau lk n e r- V a lle  (1981) showed th a t during 
long chase  periods o f po lyp ep tid es  p u ls e - la b e lle d  
in in fe c te d  c e l l s ,  the re  were m inor red u c tio n s  in 
the m o lecu la r w e igh ts o f VP7, VP10 and VP11. In 
our nom enclature, the c leavag e  products a re  c a l le d  
VP7 .1 , VP IO c and V P I I c .  U rq u ld l e t  aj_. (1981) a ls o  
n o ticed  In creased  m o b ility  o f VP10 a f t e r  a chase  
p e rio d . In each case  the sm a lle r  c leavag e  product 
was in co rpo ra ted  In to  v ir u s  p a r t i c le s .  A d d i t io n a l ly ,  
Espejo  et_ aj_. (1981) showed th a t the s t ru c tu ra l 
p o lyp ep tid e  sm alle r than VP7.1 ( la b e l le d  VP8 by 
McCrae and Fau lkner-V a11e) was c lo s e ly  re la te d  to  VP7 
as determ ined by s in g le  dim ension pep tide  mapping. 
Th is suggests th a t VP8 seen in in fe c te d  c e l l s  Is  non- 
s t ru c tu ra l and the s t ru c tu ra l p o lyp ep tid e  th a t alm ost 
com igrates w ith  V/P8 is  a fu r th e r  p o s t- tra n s la t lo n a l 
m o d if ic a t io n  of VP7.1 o r o f VP7. We c a l l  th is  p o ly ­
peptide  V P7 .2  (see f ig .1 l« ) .  D ya ll-Sm ith  and Holmes 
(1981) co n firm ed , by s in g le  dimension peptide  mapping
I Ot
N atura l c leavag es  o f ro ta v ir u s  p ro te in s
1 .3 .5 .** .2  c )  ( C o n t ' d . )
o f the v i r a l  p ro te in s ,  the re la t io n s h ip  between 
p o lyp ep tid es  VP10 and VPIOc and between VP7 and 
VP7 .1 as w e ll as VP8 and VP9. There was a ls o  some 
s im i la r i t y  between p r o f i l e s  o f VP7.1 and VP8, 
a lthough th is  was le s s  s ig n i f ic a n t  than th a t  of 
VP7/VP7.1 and VP8/VP9. A p o ss ib le  e x p lan a tio n  is  
th a t t h e ir  VP8 c o n s is ts  o f a m ix tu re  o f VP8 and of 
VP7.2 which would be expected to  com ig ra te  in 
In fe c te d  c e l l s .  V P7 .1 , VP7 .2 , VPIOc and V P I Ic  a re  
found in v ir u s  p a r t ic le s  (McCrae and Fau lkner-Va11e , 
19815 Espe jo  £ t  a j_ . , 1981 ) .
1 .3 .5 .A .3 C onclus ions on m o d if ic a t io n s  o f ro ta v iru s  s t ru c tu ra l 
p o ly p e p t id e s .
F i g . 15 proposes a scheme fo r  the m o d if ic a t io n  o f  ro ta ­
v i r u s  po lyp ep tid es  based on the l i t e r a t u r e  reviewed 
above , and p a r t ly  on ev id en ce  presented in the R esu lts  
S e c t io n  (below ) in th is  T h e s is . I t  a ls o  proposes a 
m od ified  nom enclature to  account fo r  re cen t pu b lished  
r e s u lt s ,  and compares I t  w ith  the nom enclature of 
E s te s  e t  a l . ,  (1981 ), McCrae and Fau lkner-V a l le  ( 19 8 1) 
and D ya ll-Sm lth  and Holmes (1981 ). Another in te re s t in g  
fe a tu re  o f ro ta v iru s  p ro te in s , re c e n t ly  rep o rted  by 
E s te s  e£  a h  (1982 ), Is  the v a r ia t io n  In s iz e  o f  VP7 
In d i f f e r e n t  Is o la te s  o f SA-11. Th is Is  f u l l y  d iscussed  
In ch ap te r A. We a ls o  suspect v a r ia t io n  in VPA.2 or a 
com p lica ted  s e r ie s  o f s tep s In vo lved  in I t s  fo rm ation  as 
d iscu ssed  In ch ap te r 5.
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F i g •15 Summary o f  the  m o d i f i c a t i o n  s t e p s  in v o lv e d  in
the m atu ra tion  o f ro ta v iru s  p ro te in s
1C
New
V iru s  Nom enclatures
- T r p + T rp a b c d
— — 1 1 1 p i  13
M B 2 2 2 p96
- 3 * 3 3 * 7
• I f A A A* 7
A . 2 X , Y 5 p62
5 * 5 53K P 57
mm  'i M B 6 6 6 pA2
wmm \  M B 7.1 7c 7 gp3A
1 7 . 2 8 7a P33
10 10c 9 gp 2 5
A . 3 11c 8 7
C urrent s ta tu s  o f the nom enclature and p rocessing  o f r o ta v ir u s  p o ly ­
pep tides (VP) in in fe c te d  c e l l s  and v iru s  p a r t ic le s .  Arrows in d ic a te  
p u ta t iv e  p rocessing  steps through p ro te o ly s is  o r g ly c o s y la t io n  v^ilch 
have been dem onstrated by trea tm en t o f v iru s  w ith  t ry p s in  (T rp ) o r  o f 
In fe c ted  c e l l s  w ith  tun icam ycin  (Tun) r e s p e c t iv e ly .  Note th a t VP7.2 
In in fec ted  c e l l s  (+) is  o n ly  seen a f t e r  Immune p r e c ip it a t io n  w ith  
0 VP7 . I  o r aVP7.2 as i t  Is  obscured by the more abundant VP8. The 
nom enclature used In th is  re p o rt Is  In d ica ted  under heading ( a ) ,  tha t 
of McCrae and Fau lkner-Val le  (1981) In ( b ) , th a t o f Es tes  e t  a j.. (1981) 
In (c )  and th a t o f D ya ll-Sm lth  and Holmes (1981b) In ( d ) . In our 
nom enclature we use * to In d ic a te  c leavage  products o f VP2.
In v i t r o  t r a n s la t io n  s tu d ie s  w ith  ro ta v iru s  mRNA 
has focussed  on t r a n s la t io n  o f mRNA tra n s c r ib e d  in 
v i t r o  under re a c t io n  c o n d it io n s  s im ila r  to  those 
op tim ised  fo r  r e o v iru s .  In a l l  c a se s , s tu d ie s  on 
in v i t r o  t r a n s la t io n  were c a r r ie d  out to  id e n t if y  the 
prim ary gene p ro d u c ts , i . e .  no work on t r a n s la t io n a l 
co n tro l mechanisms o r t r a n s la t io n a l  e f f i c ie n c ie s  of 
in d iv id u a l mRNA segments has been done w ith  r o ta v ir u s .
R o ta v iru s  mRNA was f i r s t  t ra n s la te d  In v i t r o  by 
Cohen and Oobos (1 9 7 9 ). These w orkers dem onstrated 
in co rp o ra tio n  o f ^ S - m e th io n in e  in to  a c Id - In s o lu b le  
m a te ria l and found s e v e ra l bands in the m o lecu la r 
w eight range kkK to 12K by a n a ly s is  on p o lya c ry lam id e  
g e ls  but o n ly  the *»*»K M.W. band com igrated  w ith  a 
v i r a l  p o lyp ep tid e . Mason aj_. (1980) repeated  the 
experim ent w ith  sim ian ro ta v ir u s  (SA-11) mRNA and 
id e n t if ie d  e leven  p rim ary  gene p roducts o f m o lecu la r 
w eight range 125K to  12K, many o f  which com igrated 
w ith  the v i r a l  p ro te in s .  Four o f these 
po lyp ep tid es  com igrated w ith  v i r a l  s t ru c tu ra l p ro te in s  
VP1 , VP2, VP3 and VP6 - and a fu r th e r  fo u r com igrated 
w ith  po lyp ep tid es  seen In In fe c te d  c e l l s  -VP5, VP8,
VP9 and VP12. The o th e r  th ree  p o lyp ep tid es  d id  not 
com igrate  w ith  v i r a l  p ro te in s  - one o f these was ju s t  
sm a lle r  than VP9, end th e  o th e r two were sm a lle r  than
I . 3 . 5 . 1* . 1*. In v i t r o  t r a n s l a t i o n  o f  r o t a v i r u s  mRNA
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1 . 3 . 5 . ( C o n t ' d ) .
VP10. Seve ra l p o lyp ep tid es  found in v iv o  were not 
found in v i t r o , in c lu d in g  VP7/VP7.1 and VP10/VP10c.
T h is  im p lies  th a t a t  le a s t  two o f the p rim ary gene 
p roducts are  p o s t- t r a n s la t io n a lt y  m od ified  in to  v i r a l  
po lyp ep tid es  in in fe c te d  c e l l s .  These and o th e r  
p o s t- tra n s la t io n a l m o d if ic a t io n s  a re  d esc r ib ed  in 
se c tio n  1 .3 .5 . **.2.
A n a ly s is  o f the products o f in v i t r o  
t r a n s c r ip t io n  had showed tha t the amount o f each mRNA 
produced decreased as i t s  s iz e  increased (Q e rn s te in  and Hruska, 
198lb) the p o s s ib i l i t y  being th a t each mRNA was 
tra n s c r ib e d  a t  the same ra te  as in the case  o f  re o v iru s . 
E v id e n t ly ,  t r a n s la t io n  o f each po lyp ep tid e  d id  not 
occur a t  the same r a te ,  a s  some p o lyp ep tid es  w ere 
produced in g re a te r  abundance than o th e rs , as d iscussed  
in Chapter 1* o f th is  T h e s is . There has been no 
pub lished  a n a ly s is  on the r e la t i v e  t r a n s la t io n  ra te s  of 
each mRNA sp ec ies .
The question  o f  which p o lyp ep tid e  each mRNA codes 
fo r  has been the su b je c t o f in tense  re se a rch . Mason 
e t aj_.(1980) f r a c t io n a te d  mRNA on sucrose g ra d ie n ts ,  
and tra n s la te d  In d iv id u a l f r a c t io n s  v i t r o . T h is  
showed th a t f r a c t io n s  co n ta in in g  sm a lle r mRNA's 
produced the sm a lle r p ro te in s ,  w h ile  f r a c t io n s  con ­
ta in in g  la rg e r  mRNA's produced the la rg e r  p ro te in s .
- I l l  -
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There have a ls o  been se ve ra l re p o rts  on gene coding 
assignm ents o f each o f  the ro ta v iru s  genome segments, 
as id e n t if ie d  by in y 11 ro t r a n s la t io n  (Sm ith e t  a l . ,  
1980; D ya ll-Sm ith  and Holmes, 1981b; A r ia s  e t  a l . ,
1982; McCrae and McCorquoda1e , 1982). In a l l  c a se s , 
denatured dsRNA was t r a n s la te d  in wheatgerm o r ra b b it 
r e t ic u lo c y te  ly s a te s  as described  by McCrae and 
Jo k l ik ,  (1978). For s im p l ic i t y ,  a l l  d e s c r ip t io n s  below 
w i l l  use the p ro te in  nom enclature o f McCrae and 
Fau lkner-Val le  (1981 ). Sm ith e t^ a j_ . (1980) t ra n s la te d  
is o la te d  sp ec ies  o f th e  s ix  la rg e s t  genome segments o f 
SA-11 in a wheat germ t r a n s la t io n  system , and found a 
d ir e c t  s iz e  c o r r e la t io n  between the po lyp ep tid es  and 
the gene segments they were t ra n s la te d  from , l . e .
VP1 was assigned  to segment 1, VP2 to  segment 2,
VP3 to segment 3, VPA to  segment k , VP5 to  segment 5 
and VP6 to  segment 6 . However, VP3 and VPA have now 
been reversed  - the VPA o f McCrae and Fau lkner-V a l le  
(1981) became the v i r a l  p ro te in  VP3 o f Espe jo  e t  a i . 
(1981) and Es tes  et_ aj_. (1981) m a in ly  because the 
'V P3 ' o f McCrae and Fau lkn er-V a l1 e  (1981) was not seen 
in v iru s  p a r t ic le s  and was not re so lved  from 'VPA* in 
in fec ted  c e l l s .  Thus the  gene product o f segment l*
Is  now c a lle d  VP3. D ya ll- Sm ith  and Holmes (1981) 
extended the study to  in c lu de  genome segments 10 and 
11 which coded fo r  VP11 and VP12 r e s p e c t iv e ly ,  although
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in some human s t r a in s  (which a re  sa id  to  have a 
• sh o rt' e le c tro p h e ro typ e  as th e  RNA segments cover a 
sh o rte r  s iz e  range) the genome segments 10 and 11 a re  
reversed  In m o b il i t y .  McCrae and McCorquodale (1982) 
us ing  ra b b it  r e t ic u lo c y te  ly s a t e  confirm ed these 
r e s u lt s  fo r  c a i f  r o t a v ir u s ,  showing th a t the 
e le c tro p h e ro typ e  o f c a l f  r o ta v ir u s  is  the same as 
th a t o f human type 1 (th e  's h o r t '  e le c tro p h e ro typ e ) 
and they a ls o  determ ined the  p ro te in s  coded by genome 
segments 7, 8 and 9. Segment 7 coded fo r  VP8, 
segment 8 fo r  vpr7 (th e  p re c u rso r  o f VP7) and 
segment 9 fo r  VP9. Segments 7 and 8 appeared to 
produce a m ixtu re  o f the th re e  p o lyp ep tid es  but were 
ass igned  on the b a s is  o f the m ajor p ro du ct. Segment 3 
produced a p ro te in  th a t d id  not com igrate  w ith  any o f 
the v iru s  p ro te in s  and i t  was p o s tu la ted  to  code fo r  a 
p recu rso r o f VP3. A r ia s  e t  aj_. (1982) produced 
s im i la r ,  but le s s  c le a r ,  r e s u lt s  fo r  VP1 , 2 , 3, A, 5, 
6 , 9 , 10 and 11 but cou ld  not d is t in g u is h  the 
assignm ents o f RNA segments 7 and 8. In te r e s t in g ly ,  
the l a t t e r  two groups both ass ig n ed  gene segment 9 
to the n o n - s tru c tu ra l p o lyp ep tid e  VP9, a lthough 
Ka 1 ic a  e t a l . (1981) a ss ig n ed  gene segment 9 to 
code fo r  the n e u tra liz a t io n - s p e c  I f i c  an tig en  of 
human ro ta v iru s  by recom bination  s tu d ie s . I t  Is  
p o ss ib le  th a t gene segments 8 and 9 a re  reversed
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in o rd e r  between human and c a l f  r o ta v iru s e s .  A 
d e s c r ip t io n  o f gene coding assignm ents is  shown in 
F ig .  16. The p ro te in  nom enclature o f Smith e t  a l .
(1 9 8 0 ) , A r ia s  et  ^ a1_. (1982) and our own a re  in 
columns beside th a t of McCrae and Fau lkn e r-V a11e
( 1981)  .
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Schem atic diagram  to show the com plete RNA- 
p ro te in -co d in g  assignm ents fo r  the U .K . t is su e  
c u ltu r e  adapted c a l f  r o ta v ir u s .  From McCrae 
and McCorquodale (1982).
RNA P ro te in
W ith in  in fe c te d  v i l l u s  e p i t h e l ia l  c e l l s ,  v iru s  p a r t ic le s  
a re  u s u a lly  found w ith in  d i la te d  c is te rn a e  o f  rough endoplasm ic 
re ticu lu m  (RER) (M cN u lty , 1979). They have a ls o  been noted 
in cy to p lasm ic  v e s ic le s  w ith in  s u b - e p ith e lia l c e l l s  and In 
la rg e  vacu o les . Chasey (1977) observed 5 d i f f e r e n t  types o f 
ro ta v iru s  p a r t ic le s  in the In fe c te d  c e l l s .  Type 1 p a r t ic le s  
resembled v iru s  cores o f 25-30 nm in d iam eter and were 
a sso c ia te d  w ith  e le c tro n  dense in c lu s io n s  o f  ' v lro p la s m ' . 
V irop lasm  is  a g ra n u la r  o r  f i b r i l l a r  m a tr ix , w ith o u t a 
membrane and is  o u ts id e  but near the v iru s - c o n ta in in g  
c is te rn a e  o f RER, suggesting  i t s  ro le  as v i r u s  p recu rso r 
m a te r ia l .  The v i r a l  co res  may be formed by condensation  
o f v iro p lasm  and may then pass in to  the d i la t e d  c is te rn a e  
o f RER. Type I I  p a r t i c le s ,  found In c is te rn a e  o f RER, were 
70-80 nm in d iam eter w ith  an e le c tro n  dense c o re  and were 
surrounded by a w e ll d e fin ed  membrane, which co u ld  be 
acq u ired  during the p rocess o f budding in to  the  c is te rn a e .
Type I I  p a r t ic le s  a re  o fte n  a sso c ia te d  w ith  r e t i c u la r  In ­
c lu s io n s  co n s is t in g  o f convo lu ted  masses o f smooth membrane 
found bordering  the d i la te d  c is te rn a e  o f the RER, and these 
a re  e i t h e r  a by-product o f  budding o r  a source o f  the 
membrane surrounding enveloped v ir u s .  S a i f  e t  a I . (1978) 
described  budding o f enveloped v iru s  p a r t ic le s  a t  the 
p e rip h e ry  o f th is  in c lu s io n  m a te r ia l.  Type I I I  p a r t ic le s  
were sm a lle r than type I I  (50-65 nm) and had an in d is t in c t  
o u t l in e ,  and no enve lope. Type IV  p a r t ic le s  have on ly  been
1 . 3 . 5 . 5 .  R o t a v i r u s  m o r p h o g e n e s i s
1 . 3 . 5 . 5 .  a )  R o t a v i r u s  m o r p h o g e n e s i s  i n  t h e  a n im a l  h o s t
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described  by Chasey (1977) and a re  o n ly  found in c e l l s  
th a t d id  not appear to  co n ta in  types I ,  I I  and I I I  p a r t ic le s  
and were seen in la rg e  v a c u o le s , suggesting  perhaps th a t 
they were formed under adverse  c o n d it io n s . Type V p a r t ic le s  
were 50 nm in d iam eter and co n s is te d  o f an e le c tro n  dense 
co re  surrounded by an e le c tro n - lu c e n t  reg ion and then a 
denser o u ts id e . These p a r t ic le s  were in te rco n n ected  by th in  
f i la m e n ts , p o ss ib ly  n u c le ic  a c id .  Type V p a r t ic le s  have 
been seen in v a c u o le s , c is te rn a e  o f RER and in the in te s t in a l 
lumen. The re la t io n s h ip  o f any o f  these  types o f p a r t ic le  
to  in ta c t  and s in g le  sh e lle d  p a r t ic le s  seen by n e g a tive  
s ta in in g  is  not known. Two o th e r types o f in c lu s io n  
m a te ria t have a ls o  been found. E le c tro n  dense in c lu s io n s  
o f c i r c u la r  o r  p a ire d  ring  s t ru c tu re s  f r e e  in the cytop lasm  
and l in e a r  a r ra y s  o f  tu b u la r  l ik e  components, a long which 
co re  l i k e  p a r t ic le s  o f 33 nm were found, had been noted In 
v i l lo u s  e p ith e l ia l  c e l l s .  S in g le  and double membrane 
tubu les have a ls o  been described  In the cytop lasm  and 
c is te rn a e ,  and s in g le  membraned tu b u les have been seen in 
n u c le i .  S in g le  and double membraned tubu les have d iam eters 
w ith in  the s iz e  range fo r  non enveloped and enveloped 
v iru s  p a r t ic le s  r e s p e c t iv e ly ,  and may la t e r  segment In to  
v iru s  p a r t ic le s  o r  rep resen t d e fe c t iv e  fo rm ation  o f v iru s  
p a r t ic le s  correspond ing  to the tubu les o f cap s id  p ro te in  
seen by n egative  s t a in in g .
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There is  no In fo rm ation  on m o lecu la r steps 
in vo lved  In the morphogenesis o f r o t a v ir u s .
3 .5 .5  b) R o ta v iru s  m orphogenesis In c e l l  c u ltu r e s
C a lf ,  human, p ig , monkey and tu rk e y  ro ta v iru s  
m u lt ip l ic a t io n  has been stud ied  by e le c t r o n  m icroscopy 
in c e l l  c u ltu r e s  (McNul ty  e t  a j_ ., 1976b: W yatt e t a l . ,  
1976; S a i f  jet a j_ ., 1978; L e ca ts a s , 1972; McNulty e t  a l . ,  
1979). The v iru s e s  were found p redom inan tly  in the 
c is te rn a e  o f  the RER w ith  dense in c lu s io n s  o f v irop lasm  
o u ts id e  the c is t e r n a e .  Enveloped and non-envetoped 
types o f p a r t i c l e  were seen in these  c e l l s  and in t r a ­
n u c le a r  tu b u le s  were a ls o  found. C e ll c u ltu r e s  in fec ted  
w ith  tu rkey ro ta v ir u s  con ta ined  type 1 p a r t i c le s  but 
l i t t l e  v iro p la sm , as w e ll as a to t o f typ e  I I  p a r t ic le s  
and the membrane In c lu s io n s , from which type I I  p a r t ic le s  
appeared to  be budding. Double membraned tu b u les were 
found in c is te rn a e  o f RER and s in g le  membraned tubu les 
f r e e  In cytop lasm . N u c lea r tubu les were seen but were 
sm a lle r than those seen w ith  mammalian r o ta v ir u s e s ,  being 
on ly  about 25 nm In d iam ete r. V iru s  p a r t ic le s  were 
re leased  through breaks In the plasma membrane o f 
d is in te g ra t in g  c e l l s .
A re cen t study by P e t r ie  e t  al_. (1982 ) used Immuno­
perox idase s ta in in g  w ith  m onospecific  a n t is e r a  to  Id e n t ify  
the s u b c e l lu la r  lo c a t io n s  o f d i f f e r e n t  a n t ig e n s  during
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m orphogenesis. An tiserum  a g a In s t  com plete v iru s  sta in ed  
the cy top lasm , e s p e c ia l ly  v iro p la s m ic  in c lu s io n s  and the 
membranes o f c is te rn a e  o f RER. In c o n t r a s t ,  aVP2 and 
aVP6 s ta in ed  the cytop lasm  and v iro p la s m ic  in c lu s io n s  
w h ile  a V P 7 .1/7.2 d id  not s ta in  cytop lasm  o r v iro p lasm  
but d id  s t a in  the RER and a ls o  the n u c le a r  membrane 
ve ry  s t ro n g ly .  They concluded th a t  VP2 and VP6 were 
syn thes ised  in the cytop lasm  and co n cen tra ted  in to  
Immature v ir u s  p a r t ic le s  in v iro p la s m ic  in c lu s io n s , 
w h ile  VP7 was g ly c o s y la te d  in the lumen o f the RER and 
the s in g le  s h e lle d  p a r t ic le s  acq u ired  VP7 (and presum­
a b ly  the o u te r  s h e l l )  as they budded in to  the RER.
R o ta v iru s  m orphogenesis appear to  be unique 
among the re o v iru se s  and o r b iv ir u s e s .  A l l  these 
v iru s e s  develop w ith in  in t ra c y to p la sm lc  m a trices  o f 
v iro p lasm  and a r e  a s s o c ia te d  w ith  sw e llin g  o f  the ER. 
However, on ly  ro ta v ir u s e s  a re  found in la rg e  numbers in 
d istended  c is te rn a e  o f RER, and o n ly  ro ta v iru s e s  and a 
few o rb lv lru s e s  (Murphy e t  a j_ . , 1968; Bowne and R it c h ie ,  
1970) form enveloped p a r t ic le s  by budding. The o r b l ­
v lru s e s  d i f f e r  a ls o  by budding from the plasma membrane. 
Cytop lasm ic tu b u les  a re  a ls o  seen In o r b lv ir u s  In fe c t io n s  
but n u c le a r  f i la m e n ts  a re  on ly  seen In Colorado t ic k  fe ve r  
In fe c t io n  (Murphy e£  aj__., 1968). R eo v iru ses  a re  unique In 
th a t the develop ing  p a r t ic le s  a re  a sso c ia te d  w ith  the 
m ito t ic  (and n o n - m ito tlc ) sp in d le  m icro tubu les (Anderson 
and Doana, 1966; Sharpe and F i e l d s , 1981).
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The use o f  tem perature s e n s it iv e  ( t s ) mutants and 
reassortm ent o f gene segments between se ro types have 
p rov ided  much in fo rm atio n  on the fu n c t io n s  o f s p e c i f ic  
re o v iru s  genes and the same approach is  now being 
a p p lie d  to  the study o f ro ta v ir u s  gene fu n c tio n  
(K a l ic a  e t  a i . .  1 9 8 i).
1 .4 .1 .1  Production  and c h a ra c te r is a t io n  o f  fs  m utants o f re o v iru s
Ts m utants were is o la te d  by F ie ld s  and J o k i Ik  (1969) 
and Ikegami and Gomatos (1968 ). The m utants o f F ie ld s  
and J o k l ik  (1969) were d iv id e d  In to  seven groups by 
reassortm ent experim ents . A fu r th e r  th re e  groups have 
now been is o la te d  (Ramig and F ie ld s ,  1979). Each o f 
these  groups corresponds to  » ts  le s io n  on a d i f f e r e n t  
gene segment, so a l l  10 re o v iru s  gene segments a re  
rep resen ted . Tab le  9 summarises r e s u lt s  from seve ra l 
p u b lic a t io n s . Ex trag e n ic  suppression o f _ts le s io n s  is  
v e ry  common in  re o v iru s  - l . e .  a second "su p p re s so r"  
m utation  a r is e s  e lsew here  in the genome which re v e r ts  
the e f f e c t  o f  the _ts le s io n . 25/28 re v e r ta n ts  ana lysed  
by Ramig and F ie ld s  (1979) were e x tra g e n ic a l1 y  suppressed, 
and the la t e r  groups o f _ts mutants (Ramig and F ie ld s ,
1979) were is o la te d  from mutants under e x tra g e n ic  
su pp ress ion . Th is phenomenon is  im portant because these 
suppressor m utations p robab ly a c t  by a l t e r in g  ano ther 
p ro te in  which in te r a c ts  p h y s ic a l ly  w ith  the  p ro te in
1 . 4 .  1 R e o v i r u s  G e n e t i c s
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TABLE  9 R e o v l r u s  T e m p e ra tu re  s e n s i t i v e  m u t a n t s a
Reassortm ent
Group Type Les io n  In gene
A Late L2 o r M2
B La te L2
C E a r ly $2
D E a r ly M2 o r  L I
E Very E a r ly S3
F Late 7
G Late Sk
H Î 7
1 7 7
J 7 7
a ) Mutant groups were Is o la te d  as fo l lo w s :
A to E by F ie ld s  and Jo k l Ik  (1969) 
F and G by Cross and F ie ld s  (1972) 
H to J  by Ramig and F ie ld s  (1979) 
Very e a r ly :  b e fo re  t ra n s c r ip t io n  o f mRNA 
E a r ly :  be fore  form ation  o f progeny dsRNA 
La te  : a f t e r  fo rm ation  o f progeny dsRNA
4 . 1 . 1  ( C o n t ' d . )
encoded by the mutant gene. C h a ra c te r is a t io n  o f the 
p a irs  o f m utations in 'p se u d o re ve rta n ts 'co u id  p rov ide  
in fo rm ation  on in te r a c t io n s  between the re o v iru s  
p ro te in s , and th is  in fo rm atio n  would be use fu l In 
m orphogenetic s tu d ie s .
**.1.2 Id e n t i f ic a t io n  o f the fu n c t io n s  o f in d iv id u a l 
reov irus-coded  po lyp ep tid es
The fu n c t io n s  o f many re o v iru s  p ro te in s  have been 
determ ined by g en e tic  a n a ly s is  o f re a sso rta n t v iru s e s  
from two d i f f e r e n t  se ro typ e s . The method was usefu l 
and h ig h ly  su ccess fu l fo r  v a r io u s  reasons:
a ) G en e tic  reassortm ent o ccu rs  a t  high frequency.
b) The RNA's o f  the th ree  se ro types  a i l  va ry  in 
e le c t ro p h o re t ic  mobil i t y  (Sharpe e£ a l_ . , 1978), 
and th is  a llo w s  Id e n t i f ic a t io n  o f the o r ig in
o f each RNA segment in re a s s o r ta n ts .
c )  The th ree  se ro types  v a ry  In haemaggl u t (n a tio n  
s p e c i f i c i t y  and pathogenic p ro p e rt ie s  (Eggers 
e t a l . ,  1962; Raine and F ie ld s ,  1973). and 
a re  d is t in g u is h a b le  by n e u t r a l iz a t io n .
d) Rescue o f the  _ts phenotype Is  a use fu l s e le c t io n  
method fo r  re a sso rta n t v iru s e s .
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e ) The po lypep tide  encoded by each RNA segment 
has been id e n t if ie d  (Hus toe  e_t a j_ ., 1978;
McCrae and Jo k i ik ,  1978).
.1*. 1.2.1 Id e n t i f ic a t io n  o f the v i r a l  haemagql ut in in
Reovirus haem agglutin ln  i s  type s p e c i f i c :  type 1 
a g g lu t in a te s  human but not b o v in e  e ry th ro c y te s  and 
type 3 a g g lu t in a te s  bovine e ry th ro c y te s  but r a r e ly  
human e ry th ro c y te s  (Eggers e t  a l . , 1962). R easso rtan ts  
were d e rived  from type 3 and typ e  1 re o v lru se s  and 
t h e ir  RNA p r o f i le s  and haem agg lu tina tion  p ro p e rt ie s  
were an a lyzed . Each o f the s ix  re a sso rta n ts  analyzed 
behaved e ith e r  as type 1 o r typ e  3 in haem agg lu tina tion  
assays and none a g g lu tin a ted  both  types o f  e ry th ro c y te s . 
In a i l  cases the type o f a g g lu t in a t io n  was the same as 
th a t o f the parent th a t had c o n tr ib u te d  the S I gene 
segment, which codes fo r  the o u te r  capsid  p o lyp ep tid e  
o l (W einer et_ a j_ ., 1978). T h is  p o lyp ep tid e  com prises 
o n ly  2% o f the o u te r capsid  o f  re o v iru s , w h ile  p ic  and 
o3 com prise 38% and 60% r e s p e c t iv e ly .
.4 .1 .2 .2  Id e n t i f ic a t io n  o f the reo v iru s  n e u t r a l iz a t io n -
s p e c i f ic  an tigen
G enetic  a n a ly s is  of re a s s o r ta n t  v iru s e s  a ls o  showed 
th a t typ e - s p e c if ic  v i r a l  n e u t r a l iz a t io n  was m ediated
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through a l , which is  encoded by RNA segment S I
(W e iner and F ie ld s ,  1977). T h e re fo re , th is  m inor
p o lyp ep tid e  must be exposed to an tib o dy on the
re o v iru s  o u te r s h e l l ,  a p re d ic t io n  which has been 
125confirm ed by I la b e l l in g .  Recent s tu d ie s  w ith  
monoclonal a n t ib o d ie s  (Hayes £ t  a j_ . , 19 8 1) have a ls o  
im p lica ted  o3 and X2 as n e u t r a l iz a t io n - s p e c i f ic  
a n t ig e n s  a lthough n e u t r a l iz a t io n  w ith  o<j 3 and aX2 
was not ty p e - s p e c if ic .
1.1*.1.2.3 Id e n t i f ic a t io n  o f po lyp ep tid es  determ in ing  re o v iru s  
v lru ie n c e
G en e tic  experim ents have im p lica ted  two re o v iru s  
p o lyp ep tid es  in determ in ing  the t is s u e  trop ism  and 
v iru le n c e  p a tte rn  o f re o v iru s  in f e c t io n .  R eo v iru s  
se ro typ es  1 and 3 were o r ig in a l l y  is o la te d  from the 
human g a s t r o in te s t in a l  t r a c t  and the b ra in s  o f mice 
r e t r o s p e c t iv e ly ,  and re o v iru s  thus e x h ib it s  a w ide 
t is s u e  trop ism .
The f i r s t  experim ents were designed to  determ ine 
the genes re sp o n s ib le  fo r  re o v iru s  v iru le n c e  in mice 
a f t e r  In t ra c e re b ra l In je c t io n .  The d i f f e r e n t  
se ro typ es  o f re o v iru s  d i f f e r  In  th is  regard  - type  3 
In fe c ts  the neuronal c e l l s  o f  the b ra in  and causes 
a c u te  and f a ta l  e n c e p h a l i t is ,  w h ile  type 1 In fe c ts
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the ependymal c e l l s  l in in g  the v e n t r ic u la r  b ra in  
c a v i t ie s  and causes m ild  and n on - fa ta l hydrocephalus 
(M a rg o lis  and K ilham . 1969; Margol is  et_ a l_ . , 1971).
In th is  c a se , the v iru le n c e  o f the v iru s  is  caused 
by I t s  t is s u e  tro p ism . By using  re a sso rta n ts  between 
types 1 and 3, W einer e t  a K  (1977) showed th a t the 
n e u ro v iru le n ce  p a tte rn  Is  a s s o c ia te d  s o le ly  w ith  the 
S I gene. The ol p ro te in  encoded by gene S I is the 
c e l l  attachm ent p ro te in  in t is s u e  c u ltu re  (Lee e t  a l . ,  
1981b) so i t  presumably a c ts  by determ in ing  the 
In te ra c t io n  o f v iru s  w ith  c e l l  re cep to rs  on neuronal 
o r  ependymal c e l l s .
A d i f f e r e n t  a sp ec t o f re o v iru s  v iru le n c e  has 
been shown to  be determ ined by the M2 gene. On 
g a s t ro in te s t in a l  In fe c t io n ,  the in f e c t i v i t y  o f type  1 
is  much more r e s is t a n t  to p ro teases  than type 3 and 
on ly  type  1 can In fe c t  the g a s t r o in te s t in a l  t r a c t  o r 
s u rv iv e  a f t e r  o ra l In o c u la t io n . Use o f re a sso rta n t 
v iru s e s  has ass igned  th is  p ro p e rty  to  gene M2 
(Rubin and F ie ld s ,  1980). M2 codes fo r  pi and p ic ,  
which is  the m ajor o u te r  cap s id  p ro te in  and determ ines 
re s is ta n c e  to  p ro te ases . The study was extended by 
in je c t io n  o f a re a sso rta n t c o n ta in in g  an M2 gene o f 
type 1 and an S I gene o f type 3 In to  the upper 
In te s t in a l  reg ion o f su ck lin g  m ice . Th is re a sso rta n t
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produced a f a t a l  in t ra c e re b ra l in fe c t io n  re s u lt in g  
from i n i t i a l  m u lt ip l ic a t io n  in in t e s t in a l t is su e  and 
subsequent spread to  the b ra in  (Rubin and F ie ld s ,  1980).
V a r ia n ts  o f se ro type  3 w ith  the same t is s u e  trop ism  
but decreased  v iru le n c e  have re c e n t ly  been id e n t if ie d  
(Hrdy £ t a_l_., 1982). The a tte n u a tio n  of n e u ro v iru le n ce  
was a t t r ib u te d  to the M2 gene by g en e tic  a n a ly s is ,  so 
M2 a ls o  seems to a f f e c t  the v iru le n c e  p a tte rn  o f the 
v iru s  a f t e r  in o cu la t io n  w ith o u t a lt e r in g  the t is su e  
trop ism . M2 p o ss ib ly  determ ines how w e ll the v iru s  
grows in the ta rg e t c e l l s .
*».1 .2.4  Id e n t i f ic a t io n  o f the ta rg e t  an tig en  fo r  c y t o ly t i c  
T lym phocytes
Spleen c e l l s  from an im als in fe c te d  w ith  re o v iru s  
produce re o v iru s - s p e c if ic  c y t o l y t i c  T lym phocytes (C T L ). 
These ly s e  c e l t s  w ith  the same H2 hap lo type which a ls o  
c a r r y  the a p p ro p ria te  v i r a l  an tigen  from the same 
se ro typ e , a lthough some c ro ss  r e a c t iv i t y  a g a in s t o th e r 
v iru s  s t r a in s  Is  observed (F ln be rg  e t a l . ,  1979). Use 
o f re a ss o rta n t v iru s e s  has shown th a t the S I gene Is  
predominant in determ in ing  CTL s p e c i f i c i t y .  The 
c r o s s - r e a c t iv i t y  o f C T L 's  cou ld  be due to  CTL's 
d ire c te d  a g a in s t o th e r  v iru s  c ro s s - re a c t iv e  an tigen s 
(as found w ith  a n t is e r a ) .
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1.4.1 .2 .4  (C o n f d . )
The re o v iru s  ol p ro te in  has a ls o  been a sso c ia te d  
w ith  se ro type  s p e c i f i c i t y  o f de layed  type h yp er­
s e n s i t i v i t y  (W einer et_ a j_ ., 1980) and s p e c i f i c i t y  o f 
immunological to le ra n c e  v ia  su ppressor T c e l l s  
(G reene and W e in e r, 1980). However, s t im u la t io n  o f 
su ppressor T c e l l s  occu rred  a f t e r  o ra l a d m in is tra t io n  
o f a v iru s  w ith  a mutant p ic  p r o te in .  T h e re fo re , the 
M2 gene a ls o  p la ys  a p a r t  in the p a tte rn  o f 
immunological response a f t e r  n a tu ra l in fe c t io n  
(F ie ld s  and G reene, 1982).
■4.1.2.5 D eterm ination  o f the re o v iru s  a n t ig e n  th a t  in te r a c ts  
w ith  c e l lu l a r  m icro tubu les
R eo virus r e p l ic a t io n  re s u lts  in m ic ro tu b u les  being 
coated  w ith  newly formed v ir u s - s p e c i f ic  p ro te in s  w ith in  
v i r a l  f a c t o r ie s ,  and re o v iru s  typ e  1 b inds much more 
t ig h t l y  to  m icro tubu les than type 3. Use o f  re a sso rta n t 
v iru s e s  has shown th a t al determ ines the a b i l i t y  o f 
re o v iru s  to bind to m ic ro tu b u les .
*♦.1.2.6 Id e n t i f ic a t io n  o f the p ro te in s  determ in ing  In h ib it io n  
o f host c e l l  macromol ecu la r  s y n th e s is
The ol p ro te in  has been shown to  be re sp o n s ib le  fo r  
re o v iru s  in h ib it io n  o f c e l lu l a r  ONA s y n th e s is  which 
takes p la ce  w ith  rao v tru s  type 3 but not w ith  type 1
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(Sharpe  and F ie ld s ,  1981). The o3 p ro te in  is  
re sp o n s ib le  fo r  in h ib i t in g  host c e l l  RNA and p ro te in  
s y n th e s is  (Ahmed and F ie ld s ,  1982). T h is  may be p a rt 
o f the reason why a3 has a c ru c ia l  ro le  in a tte n u a tio n  
o f v i r u s  a f t e r  high passage, and In the a b i l i t y  o f 01 
v iru s e s  to  e s ta b l is h  p e rs is te n t  in fe c t io n  (F ie ld s  and 
G reene, 1982).
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.<*.2 R o t a v i r u s  g e n e t i c s
The example o f the c o n tr ib u t io n  o f  re o v iru s  
g e n e t ic s  to  understand ing  v iru s- h o s t in te ra c t io n s  
has s t im u la te d  in t e r e s t  in ro ta v iru s  g e n e t ic s ,  
e s p e c ia l l y  as ro ta v iru s e s  a re  m e d ic a lly  and eco nom ica lly  
more im portant than r e o v iru s .  As p re v io u s ly  described  
(s e c t io n  1 .3 .1 ) ,  ro ta v iru s e s  undergo g e n e t ic  
reasso rtm ent and a re  d i v i s i b l e  in to  two subgroups and 
se ve ra l d i f f e r e n t  s e ro typ e s . However, a l l  ro ta v iru s e s  
seem to  cause the same gut patho logy (s e c t io n  1 .2 .3 ) ,  
so the study o f re a s s o r ta n ts  may not re so lv e  the 
m o lecu la r determ inants o f  v iru le n c e  as was done w ith  
re o v iru s .  A p o ss ib le  a l t e r n a t i v e  is  to  use host 
s p e c i f i c i t y  as a m arker s in ce  each se ro typ e  in fe c ts  a 
d i f f e r e n t  animal sp ec ie s  but c a re  is  n e cessa ry  in th is  
regard because ro ta v iru s e s  can in f e c t  o th e r sp ec ies  
as w e ll a s  t h e ir  own (M cN u lty , 1978).
The fo llo w in g  s e c t io n s  d e sc r ib e  the cu rre n t 
progress in ro ta v iru s  g e n e t ic s  through the study o f 
_ts m utants and re a s s o r ta n ts . The c h a ra c te r )  sa tlo n  
o f both these  groups Is  s t i l l  a t  an e a r ly  s tag e .
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1 . 4 . 2 . 1  P r o d u c t i o n  a n d  c h a r a c t e r i s a t i o n  o f  r o t a v i r u s  Ç f m u t a n t s
Greenberg et^ aj_. (1981b) f i r s t  produced mutants 
o f a bovine  ro ta v iru s  by chem ical m utagenesis. Seven 
ts  m utants were id e n t if ie d  on th e  b a s is  o f e f f ic ie n c y  
o f p laque fo rm ation  and these  were d iv id e d  in to  fo u r 
se p a ra te  groups by reasso rtm en t. A la rg e r  group o f 
26 _tis mutants o f  bovine ro ta v ir u s  were is o la te d  by 
Fau lkn e r-V a l1 e  e£  aj_. (1 98 2 ), tw e lve  being ts  by 
e f f ic ie n c y  o f plaque fo rm ation  a lo n e  and fou rteen  
being t_s by e f f ic ie n c y  o f p laque form ation  and v iru s  
y i e ld .  These m utants were d iv id e d  in to  f i v e  
reasso rtm ent g roups. The fo u r groups o f Greenberg 
e t  ai_. (1981b) have not been c ro ssed  w ith  the f i v e  
groups o f Fau lkner-V a l le  et  ^ aj_. (1982 ). The mutants 
o f F a u ik n e r- V a lle  e£ a]_. (1982) were an a lysed  fo r  
RNA and p ro te in  syn th e s is  a t  3 9 .5 °C . Two o f the groups 
were e a r ly  m utants on the b a s is  o f  tem perature s h i f t  
experim ents and d id  not s y n th e s ise  RNA o r p ro te in  a t  
3 9 .5 °C . The o th e r  th ree  groups produced both RNA 
and p ro te in  a t  39.5®C, a lthough one o f them syn thesised  
a reduced amount o f bo th . No d e fe c t  In any one RNA 
segment o r  po lyp ep tid e  was no ted . Ramlg (1982) ra ised  
tem p e ra tu re- sen s it i ve mutants o f  SA-11 ro ta v iru s  which 
f e l l  In to  f i v e  reassortm ent g roups. No complement was 
de tected  between these  ts  m utan ts , and mutants o f a i l  the 
mutant groups in te r fe re d  w ith  the  growth o f the w ild  type 
v ir u s  a t  p e rm iss ive  and non-perm I ss I ve tem peratures (Ramig, 
1 9 8 3 ) .
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Matsuno e_t a_l_. (1980) produced a re a s s o rta n t  v iru s  
from c a l f  and sim ian ro ta v iru s e s  and showed th a t some 
RNA segments were d e rived  from each p a ren t. No fu n c tio n  
a s s o c ia te d  w ith  e ith e r  paren t co u ld  be a ss ig n ed  to  any 
one gene. Greenberg et  ^ ai_. (1981b) produced re a sso rta n t 
v iru s e s  between _ts mutants o f bovine  r o ta v ir u s  and each 
o f two sero types o f n o n c u lt iv a ta b le  human ro ta v ir u s .
They were se le c ted  in the p resence  o f an tise ru m  a g a in s t 
bovine  ro ta v iru s  and fo r  growth in t is s u e  c u ltu r e  a t  
39 °C , thus ensuring  a t  le a s t  one gene from each p a ren t. 
Each re a sso rta n t was s p e c i f i c a l l y  n e u tra liz e d  by 
an tiserum  a g a in s t the se ro type  o f  human ro ta v ir u s  from 
which i t  was d e r iv e d , and each was a b le  to  grow in 
t is s u e  c u ltu r e .  In th is  w ay, th e  n o n c u lt iv a ta b le  human 
ro ta v ir u s  was sa id  to  be 'r e s c u e d ' w h ile  i t  re ta in e d  
the a n t ig e n ic  c h a r a c t e r is t ic s  o f  human ro t a v ir u s .  The 
RNA's were ana lysed  and 3*5 segments were shown to  be 
d e r ive d  from the bovine ro ta v ir u s  p a re n t, but no 
s p e c i f ic  fu n c tio n  was ass igned  to  any o f them. This 
study was then extended by K a l Ic a  e t a 1. (1981) who 
produced a v a r ie t y  o f re a s s o r ta n ts  between bovine  ro ta ­
v ir u s  _ts mutants and human ro ta v ir u s  type 2 . Some o f 
these  were n e u tra liz e d  by human typ e  2 an tise ru m  and 
o th e rs  by bovine ro ta v iru s  a n tise ru m , and they were 
a ls o  s e p a ra te ly  d is t in g u is h a b le  by EL ISA .
. 4 . 2 . 2  P r o d u c t i o n  and  c h a r a c t e r i s a t i o n  o f  g e n e t i c  r e a s s o r t a n t s
o f  r o t a v i r u s
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The RNA segments o f  the re a sso rta n ts  were ana lysed  and 
th e  au thors concluded (a )  th a t the gene coding fo r  the 
a n t ig e n  a llo w in g  n e u t r a l iz a t io n  was the human gene 
segment 9 o r the c a l f  segment 8 o r  9 (th e se  cou ld  not 
be sep a ra ted ) and (b ) th a t the an tig en  determ in ing  
v ira l subgroup was encoded by gene segment 6 , i . e .  the 
m ajor inn er s h e ll  cap s id  p o lyp ep tid e  VP6 (D ya ll- Sm ith  
and Holmes, 1981). A l l  the re a s s o rta n ts  had gene 
segments A and 5 from bovine r o t a v ir u s ,  so one o r 
both o f these  genes is  presumed to  en ab le  growth o f 
the re a s s o rta n ts  in t is s u e  c u ltu r e .  Gene A codes 
f o r  the p o lyp e p tid e  VP3 which is c le a ve d  in the 
presence  o f t r y p s in  rendering  the v ir u s  in fe c t io u s  
and gene 5 encodes a n o n - s tru c tu ra l p o ly p e p t id e .
K a l ic a  e t  a l .  (1983) have now extended these  g e n e tic  
experim ents and ass ig n ed  both the haem agglutin  in and 
the  fu n c t io n  o f  protease-enhanced p laque fo rm ation  to  
the  product o f gene segment A ( l . e .  VP3) •
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CHAPTER  2 M A T E R IA L S  AND METHODS
The m a te r ia ls  used and t h e ir  su p p lie rs  a re  as fo l lo w s :
Chem icals
NPi(0 - BDH Chem icals L t d . ,  P o o le , D o rse t, U .K .
T r ito n  X-100 - BDH.
P ro te in  A-Sepharose CL-AB - Pharm acia F in e  Chem ica ls, Sweden.
C oncanava lin  A-Sepharose CL-AB - Pharm acia .
D EA E-ce llu lo se  - Bio-Rad L a b o ra to r ie s ,  Richmond, C a l i f o r n ia ,  U .S .A .
Sephadex G50 and G25 - Sigma (London) Chemical C o ., P o o le , D o rse t,
U .K .
Sodium deoxycho late  - Sigma.
D ith io th re o to l (DTT) - Sigma.
Coomassie b r i l l i a n t  b lue  - Sigma.
01Igo dT c e l lu lo s e  (typ e  3) - C o lla b o ra t iv e  Research In c . ,  Waltham ,
M ass.
A rcton  113 ( t r l c h l o r o t r l f 1uoroethane) - IC I ,  Mond D iv is io n .
Freunds Ad juvant - GIBCO, N . J .
Sagata l (p en to b arb ito n e ) - May and Baker L t d . ,  Dagenham, Eng land . 
E le c tro p h o re s is  reagents
Acry lam ide  ( s p e c ia l ly  p u r if ie d  fo r  e le c t ro p h o re s is )  and N-N'-m ethylene 
b is  acry lam id e  ( s p e c ia l ly  pu re) - BDH.
N ,N ,N ',N ' - te tram ethy lened lam lne  (TEMED) - B io-Rad .
R ad io lab e l led compounds
A l l  ra d io la b e l led  compounds were ob ta ined  from Amersham In te rn a t io n a l ,  
Amersham, Bucks, U .K . The compounds had the fo llo w in g  s p e c i f ic  a c t i v i t i e s :  
,5 S-m eth lon ine : 600-1300 Cl/mmol.
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R a d i o l a b e l  l e d  com pound s  ( C o n t ' d )
[ 5 '- 3H] u r id in e :  25-30 Cl/mmol.
[5 ,6 - 3H] u r id in e  5* tr ip h o s p h a te : 1*0-60 Cl/mmol.
S-ad en o sy l-L- (m eth y l-3H) m eth ion ine ( 3H-SAM): 60-85 Ci/mmol.
125 Io d in e : 350-600 Cl/mmol.
C y t id in e  3 > 5 - [5 '- 3 2 P] b isphosphate  ( 32pCp): 3000 Ci/mmol.
Guanos 1 n e- [a - 32P] tr ip h o sp h a te : 3000 Cl/mmol.
Enzymes and Su b s tra te s
Sigma su pp lied  n u c leo s id e  tr ip h o sp h a te s  (UTP, CTP, GTP, ATP and 
d i- P- A T P ), amino a c id s ,  phosphoenol p y ru va te  ( P E P ) ,  p y ru va te  
k in a se , c r e a t in e  phosphokinase, m icrococca l n u c le a se , nuc leases 
T ( , S I and A , haem in, S-adenosyl m e th io n in e , t ry p s in  
(2 x r e c r y s t a l l i s e d )  and S.au reus V8 p ro te ase .
Lactoperoxydase  came from B o e rin g e r C orpora tion  L t d . ,  Lewes, U .K . ,  
T^RNA l ig a s e  and S-adenosyl hom ocysteine from PL B io ch em ica ls  In c . ,  
M ilwaukee, W is . and tun icam ycin  was a g i f t  from O r. Hami11, E l i  
L i l l y ,  U .S .A .
Sc In t i  1la n ts
Toluene-PPO was made from 12.5gPPO In 2 .5 l i t r e s  o f to lu en e  (5 g / l) .  
T r ito n - to lu e n e  s c i n t i l l a n t  co n ta in ed  AgPPO, 0.05g POPOP, 333 nil
T r ito n  X-100, 666 ml to lu en e .
S c in t l I l a n t - s o lu b l1Is e r  a ls o  co n ta in ed  NCS s o lu b i l i s e r .
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Fi l m
Kodak X-Omat H l ig h t  s e n s i t i v e  X-ray f i lm  was supp l ied  by Kodak. 
F u j i  RX X-ray came from F u j i  Photo F i lm  Co. L t d . ,  Tokyo. Other 
f i lm s  and papers fo r  l i g h t  photography were ob ta ined from Kodak.
A n t is e ra  and Immunoglobulins
F lu o re s c e in  is o th io cya n a te  (F IT C )-co n ju g a ted  ra b b it  an ti- b o v in e  
gamma g lo b u lin  and swine a n ti- g u in e a  pig  gamma g lo b u lin  were 
su pp lied  by N ord ic Im m unologicals L t d . ,  Maidenhead, Be rk s . 
R o ta v iru s  a n t is e r a  were k in d ly  p rovided  by Dr. J .  B r ld g e r ,
I .R .A .D . ,  Compton, U .K . ,  D r. Snodgrass, Moredun In s t i t u t e ,  
Edinburgh and Dr. Bachmann, U n iv e r s i t y  o f Munich. (The a n t is e ra  
a re  d escribed  In Table 1 ).
Media
T issu e  c u ltu r e  media were a l l  purchased from Flow L a b o ra to r ie s  
L t d . ,  I r v in e ,  A y rs h ir e , S c o t la n d . Fo e ta l c a l f  serum (FCS) was 
ob ta ined  from GIBCO, Grand Is la n d , N .Y .,  U .S .A . Noble Agar, 
b a c te r ia l  Penassay b ro th , y e a s t e x t ra c t  and v itam in  assay 
casamino a c id s  came from D ifco  L a b o ra to r ie s , D e t r o it ,  M ich igan , 
U .S .A .
C e l ls
BSC-1 A fr ic a n  green monkey k idn ey c e l l s  were a kind g i f t  from 
Dr. C. P r in g le ,  MRC In s t i t u t e  o f V iro lo g y , Glasgow, S co tla n d , 
and were cu ltu re d  in G lasgow 's m od ified  E a g le 's  minimal e s s e n t ia l 
medium (GMEM) co n ta in in g  5% (v / v )  fo e ta l c a l f  serum, g lutam ine 
and c rystam yc ln  (G laxo ) or s to red  in l iq u id  n itro g en  (see b e lo w ).
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TABLE 1 D e sc r ip t io n  o f  ro ta v iru s  a n t is e r a  used In
Immunoprec ip i t a t  Ion
Cl « G203 (1973)* C onva lescen t c a l f  serum ra ise d  In a gnoto-
b lo t lc  c a l f  by one o ra l in n o cu la t io n  o f the Compton s t ra in  
o f the t is s u e  c u ltu r e  adapted c a l f  r o ta v ir u s .  The serum 
was shown to  be f r e e  o f an tib o d y  to  bovine d ia rrh e a  v iru s  
by n e u t r a l iz a t io n .  N e u t ra l iz a t io n  t i t r e  o f G203 was 
app rox im ate ly  6 ,000, o r  40 by the immunof1uo rescen t method. 
P rov id ed  by Dr. J .  B r td g e r , IRAD, Compton.
C2 « Cl which was a l¡q u o te d  in 1976.
C3 “  Pooled c a l f  serum; serum from se v e ra l c a lv e s  which had not 
been inn ocu la ted  w ith  ro ta v ir u s  and th e re fo re  had an 
undeterm ined n a tu ra l a n t i- r o ta v i r u s  an tibody co n te n t.
C4 - Hyperimmune c a l f  serum to c a l f  ro ta v ir u s  s t r a in  V10. The 
t i t r e  o f the a n t is e r a  was app rox im ate ly  12,500 by EL ISA . 
P rov id ed  by Dr. P . Bachman, U n iv e r s i t y  o f Munich.
C5 ■ Commercial newborn c a l f  serum (n o t immunised w ith  
r o t a v ir u s ) .  P rov id ed  by Flow  L a b o ra to r ie s .
C6 - R abb it a n t i- c a l f  ro ta v ir u s  serum a g a in s t bovine sero type  1 
ro ta v iru s  which had been grown on CK c e l l s .  The serum was 
ra ise d  by hyper Im m unisation. O ther d e t a i l s  o f the serum 
were not a v a i la b le .  P rov ided  by Dr. Snodgrass, Moredun 
In s t i t u t e ,  Ed inburgh.
PI » I sol A2A (1980). Antiserum  ra ised  by one o ra l in n o cu la tio n  
o f a g n o to b io t ic  p ig le t  w ith  a O.ASm f i l t r a t e  o f a f i e ld  
Is o la te  o f po rc ine  ro ta v iru s  (SW 20/21) which had been 
passed 8 tim es through g n o to b io t ic  p ig le t s .  The serum was 
not te s ted  fo r  t i t r e  o r c ro s s- re a c t io n s . P rov ided  by 
Dr. B r id g e r .
P2 = C onvalescen t an tiserum  produced a g a in s t p o rc in e  ro ta v iru s  
in a g n o to b io t ic  p ig le t ,  p o ss ib ly  by hyperim m unisation. 
D e ta ils  o f the serum were not a v a i la b le .  P rov id ed  by 
Dr. Snodgrass.
HI - Hyperimmune ra b b it  serum ra ise d  a g a in s t  both subgroups o f 
human ro ta v ir u s ,  concen tra ted  from fa e c a l e x t ra c ts .
Random In je c t io n s  o f e ith e r  subgroup were g iven  in a t  
le a s t  8 in n o cu la tio n s  over 3 y e a rs . The t i t r e  was a t  
le a s t  Aop 00 by in d ir e c t  EL ISA  and 10,000 by immuno­
flu o re sce n ce  a g a in s t  c a l f  ro ta v iru s  in fe c te d  c e l l s .
P rov ided  by Mr. G. Beards, East Birmingham H o s p ita l,  
Birmingham.
H2 - Convalescent serum ra ise d  In a g n o to b lo tfc  lamb a g a in s t 
human ro ta v iru s ,  p o ss ib ly  by hyperim m unisation . Fu rth e r 
d e t a i ls  o f th is  serum were not a v a i la b le .  P rov ided  by 
Dr. Snodgrass.
L I » Convalescent serum ra ised  In a g n o to b io t ic  lamb a g a in s t
lamb ro ta v iru s .  D e ta ils  o f th is  serum were not a v a i la b le .  
Prov ided  by Dr. Snodgrass.
RI
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F -
Normal ra b b it  serum from 6 ra b b its  in our anim al house 
none o f which had eve r been immunised.
Commercial horse serum from Flow  L a b o ra to r ie s .
Fo e ta l c a l f  serum from Flow  L a b o ra to r ie s .
V i rus
The U .K . s t r a in  o f c a l f  ro ta v iru s  had been adapted to  t is s u e  
c u lt u r e  by passaging 28 tim es in p rim ary  c a l f  k idney c e l l s  by 
O r. J .  B r id g e r , I . R .A .D . ,  Compton and was provided a f t e r  a 
f u r t h e r  19 passages In LLCMKj c e l l s  by Dr. M. Thou less, Regional 
V ir u s  L a b o ra to ry , East Birmingham H o s p ita l,  Birmingham and 
p laque  p u r i f i c a t io n  th ree  tim es by Dr. G. Fa u lk n e r- V a l1e ,
W arw ick U n iv e r s i t y .  The t is s u e  c u ltu r e  adapted s t r a in  was a ls o  
used to  In fe c t  a g n o to b io t ic  c a l f  and the c a l f ' s  fa e ca l m a te ria l 
was k in d ly  su p p lied  by Dr. J .  B r id g e r .  OSU po rc in e  ro ta v iru s  was 
su p p lie d  by P ro fe s so r  H. Bo h i.
Cel 1 f  reez ing
C e lt suspensions were c e n tr ifu g e d  a t  800 rpm fo r  10 m ins, and 
resuspended in GMEM w ith  20% FCS to  a c e l l  co n cen tra tio n  of 
4 x 107 c e l ls / m l.  An equal volume o f GMEM co n ta in in g  20% FCS 
and 16% DMSO was added. Optimal re co ve ry  of c e l l s  was ob ta ined  
when they were frozen  a t  le s s  than 1°C per m inute: 2 mi a liq u o ts  
were he ld  on ic e  fo r  30 m ins, then p laced  a t  -20°C fo r  2 h rs , 
fo llo w e d  by -70°C o ve rn ig h t w ith  o cca s io n a l m ixing u n t i l  they were 
f ro z e n . The c e l l s  were kept a t  the bottom o f the -70#C fre e z e r  
fo r  2-3 days and a v ia l  was re v iv e d . I f  the c e l t s  were s t i l l  
v ia b le ,  the rem ainder were s to red  in d e f in i t e ly  in l iq u id  n it ro g e n .
C e l ls  were re v iv e d  by ra p id ly  thawing a t  37*C and seeding 
in to  small v i a l s  co n ta in in g  warmed GMEM w ith  5% FCS. The medium 
was changed a f t e r  app rox im ate ly  3h when the c e l l s  had s e t t le d  
and aga in  a f t e r  8-12h.
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V iru s  was passaged in co n flu e n t monolayers o f BSC-1 c e l l s  th a t 
had been washed x 3 in serum -free medium. The v iru s  was 
in o cu la ted  a t  a m u l t ip l i c i t y  o f  le s s  than 0.1 p .f .u ./ c e ll and 
serum fr e e  medium co n ta in in g  lOpg/ml t r y p s in  was added. A f t e r  
A8h a t  3 7 °C , by which tim e a l l  the c e l l s  were f lo a t in g  in the 
medium (p a r t ly  due to  t ry p s in  a c t io n ) ,  medium and c e l l s  were 
h a rv e s te d , a tiq u o te d  and s to red  a t  -70°C .
V iru s  p laque assay
V iru s  was t i t r a t e d  on co n flu e n t m onolayers o f  BSC-1 c e l l s  in 
30 mm P e t r i  d ish e s . D i lu t io n s  o f v ir u s  were in o cu la ted  onto  
serum -free c e l l s  fo r  1h and unadsorbed v ir u s  was washed o f f  x3 
w ith  serum -free medium. The c e l l s  were o v e r la id  w ith  serum -free 
medium + crystam yc in  in  0.9% aga r and incubated fo r  3 days a t  
37 °C . T ryp s in  was om itted  as i t  sometimes caused the c e l l s  to  
detach from the d is h . The c e l l s  were f ix e d  in form al s a l in e  
(3 .7%  form aldehyde In 0.5% NaCI , 1.5% NajSO^) fo r  30 m in. The 
agar o v e r la y  was removed and the  c e l l s  were s ta in ed  w ith  0.1% 
c r y s ta l  v io le t  in 20% e th a n o l. P laques appear as a re a s  which 
s ta in  more In te n s e ly  than n o n - in fec ted  c e l l s  and a re  termed 
fo c i (F a u lk n e r- V a lle  a t  a l . .  1982). These fo c i appear as heaped 
n e c ro t ic  c e l l s  which have not ly se d . L a te r  In In fe c t io n  the 
fo c i ly s e  In to  c le a r  p laq u es , but due to  the need fo r  a serum -free 
o v e r la y  medium, c e l l s  d id  not a lw ays s u rv iv e  fo r  th is  leng th  of 
tim e.
V i r u s  g r o w t h
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P l a q u e  r e d u c t i o n  a s s a y
N e u t ra l iz a t io n  o f c a l f  r o ta v ir u s  by guinea pig m onospecific  
a n t is e r a  o r  c a l f  a n t i- c a l f  r o ta v ir u s  an tiserum  was determ ined 
by a standard plaque redu ctio n  a ss a y . Antiserum  was d i lu te d  
from V 2 0  In fo u r- fo ld  steps In  phosphate bu ffe red  s a l in e  (PBS ) 
and mixed w ith  an equal volume o f v iru s  co n ta in in g  a sm all number 
o f p^fu's.The v iru s  and an tise ru m  were incubated fo r  2h a t  25°C 
and the re s id u a l in fe c t io u s  v i r u s  t i t r a t e d ,  as w e ll as c o n t ro ls  
o f  v iru s  w ith  pre-immune serum and w ithou t serum incubated  in 
the same way. The plaque assay  has been described  above. Care 
was necessary  to  wash the v irus-se rum  inoculum o f f  the c e l l s ,  so 
th a t  c o n tro ls  w ith o u t serum would not have d is p ro p o r t io n a te ly  
h igh t i t r e s  in r e la t io n  to  the  t e s t ,  due to  serum in a c t iv a t in g  
t r y p s in  in  the v ir u s  inoculum .
V iru s  p u r i f ic a t io n
Reovtruses a re  c e l l  a s s o c ia te d  and a re  ro u t in e ly  p u r if ie d  by 
flu o ro ca rb o n  e x t ra c t io n  o f in fe c te d  c e i l s ,  w h ile  a l l  the c e l l  
medium is  d isca rd ed  (Sm ith  et_ a j_ . , 1969). R o ta v iru s  is  e i t h e r  
le s s  c e l l  a s so c ia te d  o r the t r y p s in  p resen t during  i t s  growth 
weakens the in t e g r i t y  o f the c e l l s  as some v iru s  has been found 
in  the medium, so p u r i f i c a t io n  o f both c e l l s  and the medium Is 
c a r r ie d  o u t. EM exam ination has shown some ro ta v iru se s  in  the 
medium to  be surrounded by c e l l  membrane and these 
a re  re le ased  by flu o ro ca rb o n  e x t r a c t io n .
C e l ls  were p e lle te d  a t  5,000 x g fo r  30 min and v ir u s  
p e lle te d  from the su perna tan ts  a t  75»000 x g in an MSE 6 x 300 ml
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V i r u s  p u r i f i c a t i o n  ( C o n t ' d )
an g le  ro to r fo r  3h. V iru s  was e x tra c ted  from the combined 
p e l le t s  by homogenisation w ith  A rcton  ( IC I )  fo r  3 min and 
sep a ra t io n  o f the aqueous and o rg an ic  phases by low speed 
c e n t r ifu g a t io n . The o rg an ic  la y e r  was re - ex tra c ted  w ith  
resuspension b u ffe r  [50 mM Tris-HCl pH8.0, 10 mM N a C l,
2mM CaCl2 , 1.5 mM 8-m ercaptoethanol (BM E)] tw ic e ,  and a l l  
aqueous phases were then c e n t r ifu g e d  a t  100,000xg In an 
MSE 3 x 70 ml ro to r  to  p e l l e t  the  v ir u s .  The p e lle te d  v iru s  
f r a c t io n s  were then la ye red  o n to  caesium  c h lo r id e  (d e n s ity  
1.37g/cm3) In 10 ml c e n t r ifu g e  tubes and c e n tr ifu g e d  a t 
lOO.OOOxg fo r  l8h in a 10 x 10 ml ang le  ro to r  so th a t a 
d e n s ity  g rad ien t was formed. S in g le  s h e lle d  p a r t ic le s  formed 
a band a t  1.38 g/cm* and do u b le  sh e lle d  p a r t ic le s  a t  1.36g/cm3. 
These bands a re  c le a r ly  sep a ra ted  ( f i g .  1 ) .  C e n tr ifu g a t io n  on 
preformed CsCI g ra d ien ts  f o r  2h a t  100,000 xg d id  not separate  
the two v iru s  bands as c l e a r l y .  F ra c t io n s  from the  g ra d ien ts  
were c o lle c te d  from the  top u s in g  an Is c o  f r a c t io n  c o l le c to r  
and the r e f r a c t iv e  in d ice s  w ere  measured. V iru s  co n ta in in g  
f r a c t io n s  were d i lu te d ,  p e l le t e d  and resuspended In 
50mM Trls-HCl pH8.0, 2 mM C a C l j .
S in g le  sh e lle d  p a r t i c le s  were a ls o  prepared by 
treatm ent o f p u r if ie d  v ir io n s  w ith  1.5 mM EDTA fo r  30 min a t 
37*C and c o lle c te d  by c e n t r Ifu g e t io n  through 1*5% sucrose In 
50 mM Tris pH8.0 a t  100,000 xg f o r  90 m in. These s in g le  sh e lled  
p a r t ic le s  were fre e  from co n tam in a tin g  double s h e lle d  p a r t ic le s
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V i r u s  p u r i f i c a t i o n  ( C o n t ' d )
a n g le  ro to r fo r  3h. V iru s  was e x tra c ted  from the combined 
p e l l e t s  by hom ogenisation w ith  Arcton ( I C I )  fo r  3 min and 
s e p a ra t io n  o f the aqueous and o rgan ic  phases by low speed 
c e n t r i fu g a t io n .  The o rg a n ic  la y e r  was re - ex tra c ted  w ith  
resuspension  b u ffe r  [50 mM Tris-HCl pH8.0, 10 mM N aC l,
2mM CaCl2 , 1.5 mM 8-m ercaptoethanol (BM E)] tw ic e , and a l l  
aqueous phases were then c e n tr ifu g e d  a t  100,000xg in an 
MSE 3 x 70 mi ro to r  to  p e l le t  the v i r u s .  The p e lle te d  v iru s  
f r a c t io n s  were then la y e re d  onto caesium  c h lo r id e  (d e n s ity  
1 .37g/cm3) in 10 ml c e n t r ifu g e  tubes and c e n tr ifu g e d  a t  
100,000xg fo r  l8h in a 10 x 10 ml ang le  ro to r  so th a t a 
d e n s ity  g ra d ien t was form ed. S in g le  s h e lle d  p a r t ic le s  formed 
a band a t 1.38 g/cm3 and double sh e lle d  p a r t ic le s  a t  1.36g/cm3. 
These bands a re  c l e a r l y  separated  ( f i g .  1 ) .  C e n tr ifu g a t io n  on 
preform ed CsCI g ra d ie n ts  fo r  2h a t  100,000 xg d id  not sep a ra te  
th e  two v iru s  bands as c l e a r l y .  F r a c t io n s  from the g ra d ien ts  
w ere  c o lle c te d  from th e  top using  an Is c o  f r a c t io n  c o l le c t o r  
and the r e f r a c t iv e  in d ic e s  were measured. V iru s  co n ta in in g  
f r a c t io n s  were d i lu t e d ,  p e lle te d  and resuspended In 
50mM Tris-HCl pH8.0, 2 mM C a C lj.
S in g le  s h e lle d  p a r t ic le s  were a ls o  prepared by 
trea tm en t o f p u r if ie d  v ir io n s  w ith  1.5 mM EDTA fo r  30 min a t 
37*C and c o lle c te d  by c e n t r ifu g a t io n  through A5% sucrose In 
50 mM Trls pH8.0 a t  100,000 xg fo r  90 m in. These s in g le  sh e lle d  
p a r t i c le s  were fr e e  from  contam inating  double sh e lle d  p a r t ic le s
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V i r u s  p u r i f i c a t i o n  ( C o n t ' d )
and cou ld  be ana lysed  by PAGE o r used as a pure source o f s in g le  
sh e lled  p a r t ic le s  fo r  I EM.
R a d io ia b e iiin q  o f v iru s  induced po lyp ep tid es  in In fe c te d  c e l l s
V iru s  p ro te in s  syn thes ised  in  in fe c te d  c e l l s  were ana lysed  by 
pu ise  la b e l l in g  o f the in fe c te d  c e i l s  a t  va r io u s  tim es a f t e r  
in f e c t io n ,  p a r t ic u la r ly  d u r in g  peak p ro te in  s yn th e s is  between 
6-8h a f t e r  in fe c t io n .  High m u l t ip l i c i t i e s  o f in fe c t io n  
(M .O .I .  « 10) were n ecessa ry  to  o b ta in  s t ro n g ly  ra d io la b e l led 
v iru s  p ro te in s  and to  shut o f f  host p ro te in  s y n th e s is .
However, fo r  ra d io la b e l led  c e l l  e x t ra c ts  fo r  immune p r e c ip ita t io n  
5 p . f . u . / c e l l  was used as a t  t h is  m u l t ip l i c i t y  th e re  was s t i l l  
some host c e l l  p ro te in  s y n th e s is  which was a u se fu l c o n tro l on 
the s p e c i f i c i t y  o f the p r e c ip i t a t io n .
C onfluent m onolayers o f BSC-1 c e l l s  in 30mm P e t r i  
d ishes were washed in serum -free  medium. The v iru s  was 
in o cu la ted  onto the c e l l s  f o r  1h, was then removed and rep laced  
w ith  medium co n ta in in g  1% o f  the normal amount o f m eth ion ine.
Fo r pu lse  la b e l l in g  (u s u a l ly  a t  6 h p . lJ  the medium was removed 
and rep laced  by 100 pi PBS c o n ta in in g  50 pCI ,5 S m eth ion ine .
A f te r  la b e l l in g  fo r  30 min a t  37*C, the  c a l l s  were washed, 
scraped In to  50 mM Trls pH?.** and s to red  a t  -20aC. For some 
experim ents , c e l l s  were In fe c te d  In the  presence o f tu n lcam ycln , 
which In h ib i t s  g ly c o s y la t io n  (Schwarz et^ a l_ ., 1976). Medium 
co n ta in in g  5 pg/ml tu n lcam ycln  was used throughout In fe c t io n
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Rad io labe l 1Ing o f v iru s  Induced po lyp ep tid es In In fe c te d  c e l l s  (C o n t 'd ) 
and the p u ls e - la b e ll in g  was a ls o  done in the presence of 
5pg/ml tu n icam yc in .
35S m eth ion ine  la b e lle d  v iru s  was a ls o  prepared  so th a t 
I t s  p o lyp ep tid e  p a tte rn  cou ld  be compared w ith  th a t  seen in 
in fe c te d  c e l l s .  2 .5 l  r o l l e r  b o t t le s  co n ta in in g  m ethionine- 
s ta rved  BSC-1 c e l l s  were in fe c te d  a tan  m ^j.i.o f 1 p . f . u . / c e l l  
and incubated fo r  48h a t  37°C in 25 ml medium co n ta in in g  10% 
o f the normal co n cen tra tio n  o f m eth ion ine , 20 u C i/u l 
35S-m ethionine and 10 pg/ml t r y p s in .  The v ir u s  was harvested  
and p u r if ie d  as  a lre a d y  d e sc r ib e d . N on-rad io label led  p u r if ie d  
ro ta v iru s  was ra d io la b e l led  In v i t r o  w ith  1251 by the 
ch loram ine T method o f Syvanen e t  a l . (1973 ). As the iod ine  
is  reduced and n e u tra liz e d  p r io r  to  mixing w ith  th e  v ir u s ,  
damage to  the  p ro te in  is  m in im ised . A m ixtu re  o f  15 pi 
0.1N H2 SO1. and 15 pi 1.5 mM ch loram ine T was added to  
15 pi ImM KI and 250 pCI 12sl .  A f t e r  30 se c . In cu b a t io n , 
the m ixture was n e u tra liz e d  w ith  15 pi 1.0H KH2P0 i, .  The 
v iru s  was then added fo r  2 min and the re a c t io n  term inated  
w ith  10 pi o f  1 .0M BME. The v ir u s  was p e lle te d  a t  
100,000 xg f o r  90 min through 45% sucrose to  se p a ra te  I t  from 
fr e e  123 I .
P re p a ra tio n  o f  cy to p lasm ic  e x tra c ts
C e l ls  were suspended In hypoton ic  TNE b u ffe r  (10 mM Trls-HCI 
pH7.3, 10 mM N aC I, 10 mM EDTA) and a llow ed  to  sw e ll fo r  
10 min on ic e .  Nonldet P^^(N Q) was added to  a f in a l  
co n ce n tra t io n  o f 0.5% v/v fo r  10 min on lea  and then the
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P re p a ra t io n  o f cy to p la sm ic  e x tra c ts  (C o n t 'd .)
c e l l s  were fu r th e r  d is ru p te d  In a Dounce homogenlser w ith  
20 s t ro k e s , c e n tr ifu g e d  a t  1k,000 xg fo r  1 min and the 
su perna tan ts  (th e  c y to p la sm ic  e x t r a c t )  sto red  a t  -20°C .
TCA p r e c ip ita t io n  and e s t im a tio n  o f r a d io a c t iv i t y  in p o lyp ep tid es
A liq u o ts  o f r a d lo la b e )1ed p o lyp ep tid es  were d r ie d  onto  f i l t e r  
papers and put In to  c o ld  10% TCA fo r  10 min. They were then 
b o ile d  in 5% TCA fo r  5 m in , washed tw ice  in ethano l and d r ie d . 
F i l t e r s  were p laced  in s c i n t i l l a t i o n  v i a l s  w ith  k ml to luene-PPO  
and the r a d io a c t iv i t y  counted in a Packard  s c i n t i l l a t i o n  co u n te r.
P re p a ra tio n  o f fo rm a lin  f ix e d  SiaflhMlQCQC£iis_auxeus fo r  use in 
immune p r e c ip i t a t io n .
The Cowan 1 s t r a in  o f S .a u re u s  which has p ro te in  A on i t s  su rfa ce  
was prepared as d e sc r ib e d  by K e s s le r  (1975 ). The Cowan 1 s t r a in  
was provided  by Or. C .P r in g le , MRC In s t i t u t e  o f V ir o lo g y ,  Glasgow 
and grown in Penassay b ro th  supplemented w ith  2 .5  g I t  ye a s t 
e x t ra c t  and 5g/£ casam ino a c id s .  A s t a r t e r  c u ltu r e  o f 10 ml was 
grown o vern ig h t a t  37aC and then tra n s fe r re d  in to  I t  b ro th  in 
Erlenm eyer flasks and grown fo r  2kh a t  37*C. The b a c te r ia  were 
c o lle c te d  by c e n t r ifu g a t io n  a t  8,000 xg fo r  10 min and washed 
tw ice  in PBS co n ta in in g  0.05% (w /v) sodium a z id e . The b a c te r ia  
were than suspended a t  a c o n c e n tra t io n  o f 10% (w/v) in  PBS-azide 
and s t i r r e d  fo r  I J h  a t  23*C In  the  presence o f  1.5% fo rm a lin , 
washed and rasuspended a t  10% in PBS-az ide . The b a c te r ia  were 
then added to  a la rg e  Erlenm eyer f la s k  to  a depth o f  le s t  than
P re p a ra tio n  o f fo rm a lin  f ix e d  Staphylococcus aureus fo r  use in 
immune p r e c ip it a t io n  (C o n t 'd ).
1.5 cm, s t i r r e d  fo r  5 min a t  80°C and cooled ra p id ly  in iced  w a te r. 
The c e l l s  were washed tw ice  more in PBS-az ide , suspended a t  10% 
(v / v ) in PBS~az lde , a )¡q u o ted  and stored a t  -70°C.
Im m ediately be fo re  use in immune p r e c ip it a t io n ,  b a c te r ia  were 
p e lle te d  by c e n t r ifu g a t io n  a t  14,000 xg fo r  1 min and incubated in 
100 mM Tris-HC l pH8.2, 100 mM KC1 , 5 mM MgClj 1% T r ito n  X-100 fo r  
15 min a t  room tem peratu re . The b a c te r ia  were p e lle te d , washed 
once and resuspended a t a 10% suspension In the same b u ffe r  w ith  
0.5 mg/ml bovine serum a lbum in.
Immune p r e c ip it a t io n
R o tav iru s  po lyp ep tid es  were im m unoprectpltated from In fe c te d  c e l l  
e x tra c ts  w ith  an t 1- ro ta v Iru s  serum using a m o d ific a tio n  o f the 
method o f K e s s le r  (1975 ), which uses a h ig h e r co n cen tra tio n  o f 
d e te rg en t to  In c rea se  the s p e c i f i c i t y  o f p r e c ip ita t io n  and 
c e n t r ifu g a t io n  o f the c e l l  e x tra c ts  before  use to  remove aggregated 
m a te r ia l .
Cytop lasm ic e x tra c ts  were prepared as described  above;
20 pi were d i lu te d  In to  500 pi w ith  f r e s h ly  prepared "h ig h "  
d e te rg en t b u ffe r  [100 mM Trls-H C I pH8.2, 100 mM KC1 , 5 mM M g C lj,
1% T r ito n  X-100, 1% (w/v) sodium deoxycho late , 0.5% (w/v) SO S].
Th is was then c e n tr ifu g e d  a t  14,000 xg fo r  3 min to remove 
agg rega tes. The supernatan t was Incubated w ith  10 pi u n d ilu ted
an tiserum  fo r  1h a t  room tem pera tu re , and then 25 pi fo rm a lin  
f ix e d  S .au reus (10% v/v ) in d e te rg en t b u ffe r  was added and 
the  m ixture s t i r r e d  fo r  l8h a t  A °C . The p r e c ip i t a t e  was 
c o lle c te d  by c e n t r ifu g a t io n  and washed once in de te rgen t 
b u f fe r .  The p re c ip ita te d  p ro te in s  were s o lu b i l iz e d  w ith  
2% (w/v) SDS and 5% BME a t  100°C fo r  5 min b e fo re  a n a ly s is  by 
PAGE.
Immune p r e c ip ita t io n  (C o n t 'd .)
The s p e c i f i c i t y  o f immune p r e c ip it a t io n  was fu r th e r  
increased  by denaturing  the p ro te in s  in the in fe c te d  c e l l  
e x t ra c t  in  2% SDS and 5% BME a t  100®C fo r  2 min b e fo re  
d i lu t io n  in detergen t b u f fe r .  A p paren tly  t h is  separated  p ro te in  
complexes in to  p o lyp ep tid es , a llo w in g  each to  re a c t  s e p a ra te ly  
in the immune p r e c ip ita t io n  r e a c t io n .
P ro te in  A-Sepharose chrom atography
Immunoglobulins were p u r if ie d  from serum on columns o f p ro te in  A- 
Sepharose . P ro te in  A-Sepharose CL-AB was washed w ith  PBS and 
s t i r r e d  w ith  antiserum  (250 p i p ro te in  A-Sepharose to  1 ml 
an tiserum ) o ve rn ig h t a t  A*C. A 1 ml sy r in g e  was then packed 
w ith  the m ixture and the column washed w ith  PBS u n t i l  the o p t ic a l 
d e n s ity  o f the e lu a te  was below  0.1 OD u n its  a t  280 nm. The 
column was then washed w ith  2 ml PBS co n ta in in g  1% NP^g fo llow ed  
by fu r th e r  washing In PBS u n t i l  the e lu a te  was le s s  than 0.1 00 
u n i t s .  Immunoglobulin bound to  the p ro te in  A was then e lu ted  
w ith  0.15M N aC I, 0.6% a c e t ic  a c id  pH 3 .0 . F ra c t io n s  were assayed
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P ro te in  A-Sepharose chromatography (C o n t 'd .)
sp e c tro p h o to m e tr ic a lly  and peak f r a c t io n s  were pooled and 
n e u tra liz e d  w ith  KOH b e fo re  sto rage  in a l iq u o ts  a t  -20°C .
125l la b e l l in g  o f immunoglobulins
Lac to p e ro x yd ase-ca ta iysed  io d in a t lo n  was performed using a 
m o d if ic a t io n  o f the method described  by M archa lon is  (1969 ).
100 ug immunoglobulin was d ilu te d  in to  1 mi PBS co n ta in in g  
100 pCi 12SI and 10 pi 10 SM Kl and 10 p i lactoperoxydase  
were added. 5 a l iq u o ts  o f 5 pi 0 .5 mM H2O2 were added a t  
30 sec in t e r v a ls  and, a f t e r  a fu r th e r  30 se c , the  re a c t io n  was 
stopped w ith  100 pi 1% sodium a z id e . P ro te in  was separated  
from fr e e  125l by chrom atography on a column o f G-25 sephadex 
in  PBS .
Immunofluorescence
In d ir e c t  im m unofluorescence o f c a l f  r o ta v iru s  in fe c te d  c e i l s  
was performed by the method o f Thou le s s  e t  a I . (1 9 7 7 ).Su b co n flu en t 
c e i l  m onolayers on g la s s  c o v e r s l lp s  were in fe c te d  a t  an m .o . i .  
o f app rox im ate ly  5 p . f . u . / c e l l .  A f te r  a d s o rb t lo n , the 
c o v e r s ! ip s  were incubated w ith  serum -free medium a t  37°C fo r  
12h and then washed w ith  PBS and f ix e d  w ith  methanol (w h ich  had 
been kept a t  -70*C) fo r  20 min a t  -20*C. The c o v e r s ) ip s  were 
d r ie d  and s to red  a t  -20*C o r  washed w ith  PBS p r io r  to  in cu b ation  
w ith  serum. D i lu t io n s  o f  a n t i- ro ta v iru s  serum ware added onto 
the c o v e rs )tp s  (50 pi per c o v e r s ) Ip )  and incubated fo r  1h a t  37*C 
In a m oist atm osphere. The c e l l s  were then washed tw ice  w ith
Immunofluorescence (C o n t 'd ).
PBS a t  37°C fo r  20 min each tim e , and then incubated w ith  50 pi 
per c o v e r s l ip  o f F ITC-conjugated an tiserum  d i lu te d  1/20 ( r a b b it  
a n t i- b o v in e  IgG o r  swine a n ti- g u in e a  pig Ig G ). This was incubated 
fo r  1h a t  37°C fo llo w ed  by two washes in PBS fo r  20 min each . The 
c e l l s  were then co u n te rs ta in ed  w ith  Evan 's  b lue  d ilu te d  '/150.000 
fo r  5 m in, dipped in d i s t i l l e d  w a te r and d r ie d . C o v e rs lip s  were 
mounted in g ly c e ro l- s a lin e  (50% g ly c e r o l ,  150 mM NaCI) and 
observed under a R e ich a rt B in o lu x  I I  UV m icroscope fo r  f lu o re sc e n ce . 
C o n tro ls  o f u n in fec ted  c e l l s  s ta in e d  as above o r  in fe c te d  c e l l s  
incubated w ith  pre-immune serum in s tead  o f ro ta v iru s  an tise ru m  were 
used.
Po lya cry lam id e  gel e le c tro p h o re s is  (PAGE)
Po lyacry lam id e  g e ls  were se t up us ing  the LaemmlI (1970) 
d iscon tinuous b u ffe r  system . 10-30% (w/v) l in e a r  p o lya c ry lam id e  
s lab  g e ls  (20 x 20 cm) were prepared  as described  by Cook e t  a l . 
0 9 7 9 ). 10% so lu t io n s  con ta ined  4.1 m l, 60% a c ry lam id e  p lus
0.282% b isa c ry la m ld e  s o lu t io n ; 9 .3  ml 1M T ris-H C l pH8.6; 0.25 ml 
10% SDS; 2 .5 ml 80% g ly c e ro l and 8 .8  ml w a te r . The 30% a c r y l ­
amide so lu t io n  v a r ie d  in the amount o f ac ry lam id e  (12 .5  ml) and 
w ater (0 .4  m l) . Be fo re  pouring th e  g e ls ,  33 Ml TEMED was added 
to each s o lu t io n , as w e ll as 16 u! 10% ammonium p e rsu lp h a te  (APS) 
to the 30% acry lam id e  and 33 ul 10% APS to the 10% a c ry la m id e , 
forming a n e g a tiv e  p e rsu lp ha te  g ra d ie n t .  G rad ien ts  were poured 
from a two chamber g ra d ien t m aker, stopped when the gel was 
about 5 cm from the top o f the notched p la te ,  and a llow ed  to
Po lya c ry lam id e  gel e le c t ro p h o re s is  (PAGE) ( C on t1d) .
po lym erise  under w a te r- sa tu ra te d  b u tan o l. A stack ing  gel o f
1.5 ml 30% a c ry la m id e , 0.6% b is- a c ry la m id e ; 6 ml H20;
2.5 ml 0 .5M Trls-HCl pH6.8, 0.4% SDS; 33 pi TEMED and 30 ul 
10% APS was poured on top o f the  separa tin g  g e l.  Samples in
10 mM Tris-HCl pH7.5, 2% SDS, 5% BME and 5% g ly c e ro l were heated 
a t  100°C fo r  2 mtn and 25 til o f  each loaded onto the g e ls .  A f te r  
e le c tro p h o re s is  a t  14 mA f o r  l6h the g e ls  were u s u a lly  
fluo rog raph ed  (Laskey and M i l l s ,  1975) o r  d r ie d  and exposed to 
X-ray f i lm .  Fo r f lu o ro g ra p h y , the  g e ls  were g e n tly  shaken in 
two changes o f DMSO fo r  30 min each and then in DMSO co n ta in in g  
22.2% PPO fo r  3h. A f t e r  w ash ing  fo r  30 min in  running w a te r  
the g e ls  were d r ie d  under s u c t io n  and exposed to  Kodak X-Omat H 
f i lm .  Some g e ls  were s ta in e d  w ith  1.25% Coomassle b r i l l i a n t  
b lue  In  10% a c e t ic  a c id ,  50% methanol fo r  1h and d e s ta in ed  in 
10% a c e t ic  a c id ,  50% m ethano l.
RNA g e l s
dsRNA was e le c tro p h o resed  on 6 .5%  non-grad ient p o lyacry lam id e  
g e ls  co n ta in in g  0.17**% b ls - a c ry la m id e  using  the Laemmli system  
p re v io u s ly  d e sc r ib ed .
E x c is io n  of bands from g e ls  and s c in t i l l a t i o n  counting 
Exposed and developed f i lm  was a lig n e d  w ith  the d ried  gel using 
ra d io a c t iv e  Ink m arkers and the p o s it io n s  o f the p o lyp ep tid es  
were marked o u t. These w ere ex c ised  and cu t In to  small p ie ce s
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Ex c is io n  o f bands from g e ls  and s c in t i l l a t io n  counting  (C o n t'd )
and incubated in H2 O2 a t  80°C f o r  3h or In s c in t i l l a n t /  
s o lu b i l i s e r  fo r  *8h a t  37°C In  sea led  g la s s  v i a l s .  The 
samples were then c h i l le d  and s c i n t i l l a n t  was added to  the H2O2 
samples and the r a d io a c t iv i t y  measured in  a s c i n t i l l a t i o n  
co u n te r.
Pep tid e  mapping
Po lyp ep tid es  were sub jected  to  p a r t ia l  p r o t e o ly s is ,  and the 
re s u lt in g  peptides analysed by s in g le  dim ension e le c tro p h o re s is  
using  a m o d ific a tio n  of the method o f C le ve lan d  «rt a]_. (1977) 
a s  described  by McCrae and J o k l i k  (1978 ). Po lyp e p tid e s  from SDS 
po lyacry lam id e  g e ls  were e x c is e d , cu t in to  sm all p ie ce s  and 
a llow ed  to  sw ell in stack ing  g e l b u ffe r  (0.125M Tris-HCl 0.1% SDS 
pH 6 .8 ) fo r  10 min a t  room tem p era tu re . The ge l s l ic e s  were 
mashed, separated In to  a l iq u o ts  c e n t r ifu g e  tubes and S .au reu s  
V8 protease was added a t  5 ug/ml and 50 pg/ml r e s p e c t iv e ly  fo r  
30 min a t  37 °C . Contro l a l iq u o t s  w ithou t V8 were kept on ic e .  
The tubes were then p ierced  a t  the bottom , f i t t e d  In to  le rg e r  
c e n t r ifu g e  tubes and c e n t r ifu g e d  fo r  5 min e t  2,000 rpm, so 
th a t a l l  pep tides tha t had come out o f the  a c ry lam id e  went 
through In to  the la rg e r  tube. A liq u o ts  from each tube were 
counted In an attem pt to e q u a liz e  the load ing  on the g e ls ,  
and the re s t  was made 2% fo r  SDS and 5% fo r  SHE, b o ile d  fo r  
2 min and ana lysed  by PAGE.
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M aintenance o f guinea p igs f r e e  from ro ta v iru s  
Fo llo w in g  the d e te c t io n  o f ro ta v iru s  an tibody in the serum of 
r a b b its  in the anim al house, the  guinea p igs were is o la te d  to 
a v o id  c ro ss  in fe c t io n .  A sep a ra te  room was se a le d , fum igated 
and m ainta ined ih a reversed  a i r f lo w  to exclude a i r  from In s id e  
th e  b u ild in g . Each anim al was kept in a separa te  cage. Cages, 
fo o d , hay, w ater and equipment were a l l  s t e r i l i s e d  before  use.
The w ater was supplemented w ith  1.25 g/1 a s c o rb ic  a c id .  Young 
fem a le  guinea p igs o f Duncan-Hartiey s t r a in  (O lac  1976 L t d . ,  
B i c e s t e r ,  Oxon) w eighing  **50-550g each were used, and th e ir  serum 
was screened fo r  ro ta v ir u s  an tib o dy befo re  Im m unisation.
P re p a ra t io n  o f in d iv id u a l ro ta v ir u s  po lyp ep tid es  and immunisation 
o f  guinea p ig s .
P ro te in s  from app rox im ate ly  1 mg o f p u r if ie d  v ir u s  were separated 
by PAGE. R a d io a c t iv e  v ir u s  was added to  lo c a te  the p ro te in  (see  
a b o v e ). P ro te in s  were excised  from the d r ie d  g e ls ,  cu t in to  
sm all p ie ce s  and sw o llen  in Trts-NaC I pH?.** fo r  l8h a t  k°C. The 
g e l was mashed by s y r in g in g  through 13g, 15g and 17g need les and 
homogenised w ith  Freunds com plete ad ju van t fo r  the f i r s t  
In je c t io n  or Freunds incom plete ad ju ven t th e r e a f t e r .  Antigen 
was in je c te d  subcutaneously a t  3 week in t e r v a ls  u n t i l  an antibody 
response was d e tected  by Immunofluorescence o r  im m unoprécip ita tion . 
T e s t b leeds were taken from the e a r ,  and the f in a l  b leeds were 
taken  from the h e a r t .  B lood was a llow ed  to  c lo t  a t  *t*C o ve rn ig h t 
and serum recovered by c e n t r ifu g a t io n .
T ra n s c r ip t io n  by p a r t ly  d is ru p ted  ro ta v ir u s  p a r t ic le s  was 
ach ieved  in v i t r o  in the presence o f a l l  fo u r n u c leos ide  
tr ip h o s p h a te s , an energy source and magnesium ion s. The RNA 
t ra n s c r ip ta s e  p resen t in p u r if ie d  v ir io n s  was a c t iv a te d  by 
in cu b atio n  a t  37°C fo r  20 min in t r a n s c r ip t io n  mix w ith o u t 
magnesium and co n ta in in g  1.5mM EDTA. The EOTA has been shown 
to  remove the v i r a l  o u te r  s h e ll (Cohen, 1977). Fo llo w in g  th is  
a c t iv a t io n  s tep , Mg++ was added to  a f i n a l  co n cen tra tio n  o f 9mM 
and t h is  s t im u la ted  the  in co rp o ra tio n  o f  [ 3H] UTP in to  a c id  in s o l ­
ub le  m a te r ia l .
The t r a n s c r ip t io n  mix used co n ta in ed  A mM GTP, A mM CTP,
5.5 mM ATP, 2 mM UTP, 50 pCi/ml 3H-UTP (40 C l/m m ol), 1.6 mM 
phospho-enol-pyruvate (P E P ) ,  45 un its/m l p yru va te  k in a se ,
0.2 mM s-adenosyl m eth ion in e , 0 .5 un lts/m l In o rg an ic  p y ro ­
phosphatase, 30 pg/ml b en to n ite  and 100 mM Tris-HCl b u ffe r  pH8.0. 
3H-methyl la b e lle d  t r a n s c r ip t s  were o b ta in ed  using  a re a c t io n  
m ix tu re  in which the u n la b e lle d  s-adenosyl m eth ion ine (SAM) was 
rep laced  w ith  3H-methyl la b e l le d  SAM a t  a f in a l  co n cen tra tio n  o f 
50 pCi/ml (15 Cl/mmol) and 3H-UTP was o m itted .
T ra n s c r ip t io n  m ix tu res were incubated  fo r  up to  8h a t  
37*C w ith  continuous a g i t a t io n .  V iru s  (s in g le  sh e lle d ) p a r t ic le s
were than removed by c e n t r ifu g a t io n  fo r  20 min a t  14,000 xg and 
resuspended In fre s h  t r a n s c r ip t io n  re a c t io n  m ixture fo r  fu r th e r  
rounds o f t r a n s c r ip t io n .  The supernatan t was e x tra c ted  w ith
T ra n s c r ip t io n  o f ro ta v iru s  mRNA in  v i t r o
»
148 -
phenol, and then the s in g le  s tranded  RNA t ra n s c r ip ts  were 
p re c ip ita te d  by adding lith iu m  c h lo r id e  ( L iC l )  to  a f in a l  
co n cen tra tio n  o f  2M and in cu b a tin g  a t  k #C fo r  16 h rs . 
P r e c ip i ta te s  were c o lle c te d  by c e n t r ifu g a t io n  a t  1 k ,000 xg 
fo r  2 min and th e  p r e c ip it a te  was d is so lv e d  in 1mM EDTA and 
re p re c ip ita te d  In  2 i volumes o f ethano l p lus 0.15M NaCI 
a t -20°C. The ethano l p r e c ip i t a t e s  were washed w ith  80% 
ethanol and 100% e th a n o l, d r ie d  by vacuum d e s s ic a t io n , 
resuspended in ImM EDTA and s to re d  a t  -20°C .
R eo virus mRNA was t ra n s c r ib e d  in the same re a c t io n  
co n d it io n s  w ith  13mM Mg++ and th e  t r a n s c r ip ts  were p u r if ie d  
as described  above . Reovirus p a r t ic le s  were a c t iv a te d  by 
pretreatm ent w ith  50 pg/ml chym otrypsln  a t  37°C fo r  65 min, 
which removes th e  re o v iru s  o u te r  s h e l l .
Sucrose g ra d ien t a n a ly s is  o f irL_yJ_Lm  t ra n s c r ip ts
15% sucrose and 30% sucrose s o lu t io n s  were prepared In TLES 
(50 mM Trls-HCI pH7.5, lOOmM L IC 1 , ImH E0TA, 0.1% S D S ). L in e a r  
15-30% sucrose g ra d ie n ts  were prepared  by running the l ig h t e r  
so lu t io n  In to  th e  h e a v ie r  using  a g ra d ien t maker. The 
t r a n s c r ip ts  In aqueous so lu t io n  w ere layered  onto the g ra d ien ts  
and cen tr ifu g e d  a t  30,000 rpm In an MSE 6 x Ik  ml ro to r  fo r  30h 
a t  20*C. R eo v iru s  t r a n s c r ip ts  w ere o p tim a lly  f r a c t io n a te d  
a f t e r  l8h in the same c o n d it io n s . G rad ien ts  were harvested  In
T ra n sc r ip t io n  o f  ro ta v iru s  mRNA in v i t r o  (C o n t'd )
Sucrose  g rad ien t a n a ly s is  o f i_n_y_itrq t r a n s c r ip ts  (C o n t 'd ).
an ISCO g rad ien t c o l le c t o r .  A liq u o ts  from each f r a c t io n  
were d o tted  onto f i l t e r  p apers , washed x 2 In co ld  5% TCA, once 
In e th a n o l,  d r ied  and counted In Toluene-PPO in a Packard 
s c i n t i l l a t i o n  co u n te r.
E x t r a c t io n  of dsRNA
P u r i f ie d  v iru s  suspension In 50 mM T r is  pH8.0 was made up to 
2% SOS, and an equal volume o f w a te r- sa tu ra te d  phenol was 
added and shaken fo r  10 min a t  room tem peratu re . The pheno lic  
and aqueous phases were separated  by c e n t r ifu g a t io n  and the 
p rocedu re  repeated tw ic e . Phenol was then removed from the 
aqueous phase w ith  e th e r ,  and the e th e r  blown o f f  In  a n itrog en  
stream . The RNA was made 0.375 M fo rN a C I and p r e c ip ita te d  w ith  
21 volum es o f e thano l a t  -20°C fo r  l6 h . The RNA was washed and 
s to re d  a s  described  above.
3 ‘ End la b e l l in g  o f mRNA and dsRNA.
RNA was 3 1 end la b e l le d  w ith  ^2pCp and T^RNA IIg a s e  as described
by Eng land  and Uhlenbeck (1978 ). RNA was added to  an end
la b e l l in g  rea c tio n  m ixtu re  c o n ta in in g  150 pCI/mt ^2pCp, 50 mM
HEPES pH8.3,10 mM M qC lj, 3 mM DTT, 3 uM ATP, 6« DMSO, 10%
g ly c e ro l  and 200 un lts/m l T^RNA 1Ig a s e . A f t e r  19h a t  4*C
fo llo w e d  by 10 min a t  37*C, the re a c t io n  was te rm inated  by adding
an equal volume o f  double s tren g th  column b u f fe r .  The 
52u n in co rp o ra ted  pCp was separated  from the la b e l le d  RNA on 
Sephadex G50 columns w ith  column b u f fe r  o f 50 mM T r ls  pH8.0,
0.5M NaCI , 0 .IM  SOS.
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In v i t r o  t r a n s la t io n
a ) P re p a ra tio n  o f  ra b b it  r e t ic u lo c y te  l y s a t e s .
R e t ic u lo c y te s  were ob ta ined  from the blood o f young 
ra b b its  made anaemic by in je c t io n  w ith  1 mi o f 100 ug/ml 
v ita m in  B12, 1 mg/mi f o t i c  a c id  in 0.15M NaCl pH7.0 
fo llo w ed  by 0 .6 ml o f  2.5% a c e ty l ph eny lhyd raz ine
(Hunt and Ja ck so n , 1971* ) .  Phenyl hydraz Ine was in je c te d  
d a i ly  fo r  5 days and the  ra b b its  were then bled on the 
7th day a f t e r  a d a y 's  r e s t .  The an im als were a n aes th e tised  
w ith  1 ml Saga ta l in to  the  ear v e in  and b led  by c a rd ia c  
pu n ctu re , vrfiich y ie ld e d  50-80 ml from each ra b b it .  A l l  
s y r in g e s  and c o n ta in e rs  were tre a te d  w ith  1,000 units/m l 
h eparin  to  p reven t c lo t t in g .  Fo r th e  fo llo w in g  procedures 
the blood was kept on ic e :  blood c e l l s  were c e n tr ifu g e d  a t  
2,000 rpm fo r  20 m in, washed x 2 in c o ld  b u ffe r  co n ta in in g  
0.1AM KC1, 50 mM N aC l, 5mM MgCl2 and the supernatan t 
d is ca rd e d . The packed c e l l  volume was estim ated  and the 
c e l l s  lysed  by adding an equal volume o f d i s t i l l e d  H2O.
C e ll d e b r is  was removed by c e n t r ifu g a t io n  a t  8,000 rpm and 
the ly s a te  was a 1(quoted in to  2 ml volumes and sto red  in 
1iq u ld  n it ro g e n .
b) T ra n s la t io n  o f mRNA In r e t ic u lo c y te  ly s a t e s .
The t r a n s la t io n  system In which mRNA was t ra n s la te d  con ta ined  
100 pM each o f 19 amino a c id s  (ex c lu d in g  m e th io n in e ), 1 mM ATP, 
200 pM GTP, IkmM c re a t in e  phosphate, 5 .5  u n its  c re a t in e  
phosphoklnase, 80 pg/ml mouse l i v e r  tRNA, 25 pCI * sS-m eth lon lne,
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b) T r a n s l a t i o n  o f  mRNA In r e t i c u l o c y t e  l y s a t e s  ( C o n t ' d . )
2 mM magnesium a c e ta te ,  120 mM KC1, 10mM T r ls  pH 7.1» and 
50 pi ly s a te  In a f in a l  re a c t io n  volume o f 100 p i .
2-5 pl mRNA was added to  a f in a l  co n cen tra tio n  of 
25-50 pg/m l. For conven ience , amino a c id s  were made up 
in s o lu t io n  co n ta in in g  2 .5  mM o f each and stored  a t  -20°C . 
The energy source c o n ta in in g  20 mM ATP, 1» mM GTP, 280 mM 
c re a t in e  phosphate and 110 u n its  c re a t in e  phosphokInase 
was a ls o  made In advance and s to red  a t  -20°C .
The t r a n s la t io n  m ixture was prepared on Ice  and , once 
the RNA had been added, was Incubated a t  30°C fo r  60 m in. 
A liq u o ts  were removed a t  timed periods onto f i l t e r  papers 
which were TCA p re c ip ita te d  and the  r a d io a c t iv i t y  es tim ated  
as d escribed  above.
O llg o  dT c e l lu lo s e  column f r a c t lo n a t Io n  o f mRNA
O llg o  dT c e l lu lo s e  b inds po ly A which is  o fte n  present a t  the 
3* end o f mRNA's. The In v i t r o  t r a n s c r ip t s  were loaded on to  
a column o f o l lg o  dT c e l lu lo s e  In 50 mM T r ls  pH7.lt, O.k M KCI 
and washed w ith  th is  b u ffe r  u n t i l  a l l  unadsorbed m a te r ia l had 
washed through. Po ly  A co n ta in in g  mRNA bound to  the column was 
then e lu te d  w ith  50 mM T r ls  pH7.*i.
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DEAE c e l lu lo s e  chromatography o f d ig es ted  mRNA
mRNA was e i t h e r  d ig ested  co m p le te ly  In 0.3M KC1 fo r  l8h a t 37®C 
o r  p a r t ly  d ig ested  in  50 mM sodium carbonate/sod  I urn b icarbonate  
pH 9 .0  (50 mM sodium b icarbo n a te  b u ffe red  to  pH9.0 w ith  50 mM 
sodium ca rb o n a te ) fo r  10 min a t  9 0 °C . The RNA was then 
n e u tra liz e d  and d i lu te d  in 5 mM T r is  pH7.8 and run in to  a OEAE 
c e l lu lo s e  column. The n u c le o t id e s  o f in c re a s in g  net nega tive  
charge were separated  by e lu t io n  from th e  column w ith  a b u ffe r  
s a l t  g rad ien t o f 0.02-0.3M NaCl in  7M u re a , 5 mM Tris-HC l pH7.8.
TCA p r e c ip ita t io n  o f RNA
Rad io labe l led  RNA was spotted  onto  f i l t e r  p ap ers , d r ied  and 
washed tw ice  w ith  ic e  co ld  5% TCA fo r  10 min each tim e. The 
f i l t e r s  were then washed tw ice  in  e th a n o l, a llo w ed  to  dry and 
the  r a d io a c t iv i t y  counted in 0.A% PRO in  to lu en e  in a Packard 
s c in t i l l a t i o n  co u n te r .
RNA h y b r id is a t io n
3 ' end la b e lle d  mRNA was h y b r id is e d  to dsRNA to  f a c i l i t a t e  the 
f r a c t io n a t io n  o f mRNA on p o lya c ry lam id e  g e ls ,  as w e ll as to 
te s t  the a u th e n t ic it y  o f mRNA produced In  v i t r o . 100 pi mRNA 
In  1 mM EDTA was mixed w ith  dsRNA, and th e  s o lu t io n  was made 
90% fo r  DMSO end heated a t  ^5'C f o r  20 min to  separa te  the 
strands o f dsRNA. AlA pi o f  h y b r id is a t io n  b u ffe r  (0.102M NaCl, 
0.03*»M Trls-HC l pH7.<*. 6.59mM EDTA) was added, and the RNA's 
were a llow ed  to  h y b r id is e  under these  low  s a l t  co n d it io n s  fo r
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48h a t 37°C  ( Ito a n d  Jo k l lk ,  1972). S in g le  stranded  RNA was 
d igested  w ith  nu c lease  (200 units/m l T, nu c lease  + 50 pg/ml 
p a n c re a t ic  n u c lease  A) in 0.3M NaCl , 0.03M N a - c it r a te  pH7.4 
fo r  30 min a t  37°C and the p roportion  of n u c lease  r e s is ta n t  
r a d io a c t iv i t y  was e stim ated . dsRNA was an a lysed  by PAGE as 
p re v io u s ly  d e sc r ib e d .
RNA h y b r id is a t io n  (C o n t'd )
D ig es tio n  o f RNA w ith  S I nuclease
5m9 dsRNA o r mRNA was d igested  w ith  1,000 units/m l 
S I n u c le a se  in 50 mM sodium a c e ta te  pHk.5, 5 mM-zinc c h lo r id e  
a t  37°C fo r  1h. Nuclease re s is ta n c e  was estim ated  by 
comparing the TCA p r é c ip ita b le  c .p .m . w ith  those  presen t In 
samples incubated  w ithou t a d d it io n  o f S I n u c le a se .
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CHAPTER 3
C h a ra c te r is a t io n  o f the products of the ro ta v iru s  RNA polymerase
RNA polym erases o f the re o v iru s  fa m ily  have been d iscussed  in 
the in tro d u c t io n . A t the commencement o f th is  s tu d y , ro ta v iru s  
RNA polym erases had been Id e n t i f ie d  (Cohen, 1977; Hruska e t  a l . ,  
1978) but the products o f the polym erase re a c t io n  had not been 
s tu d ie d . Th is se c tio n  th e re fo re  d e sc r ib e s  the c h a ra c te r is a t io n  
o f these  p rodu cts .
3.1 C h a ra c te r is a t io n  o f the ro ta v iru s  RNA polym erase a c t i v i t y
Cohen (1977) showed th a t  p u r if ie d  ro ta v iru s e s  would not 
t ra n s c r ib e  mRNA In v i t r o  u n less  a c t iv a te d  by p retreatm ent 
of the v iru s  In ImM EDTA f o r  20 min a t  37 °C . To avo id  a 
separa te  pretrea tm ent s te p , we found th a t the endogenous 
RNA polym erase a c t i v i t y  co u ld  be a c t iv a te d  by Incubating  
p u r if ie d  ro ta v iru s  In t r a n s c r ip t io n  mix w ith o u t magnesium 
but co n ta in in g  1.5mM EDTA fo r  20 min a t  37*C. A f t e r  th is  
period  magnesium was added to  the t r a n s c r ip t io n  mix and 
the RNA polym erase a c t i v i t y  was assayed  by measuring the 
in co rp o ra tio n  o f ^H-UTP In to  a c id  in s o lu b le  m a te r ia l .  A 
time course o f RNA syn th e s is  In th is  re a c t io n  is  shown In 
F ig .1 .  There was a l in e a r  in c rease  In the amount o f 
product w ith  tim e fo r  a t  le a s t  8h a t  37®C. As had 
p re v io u s ly  been reported  fo r  re o v iru s  (Skehel and Jo k l lk ,  
1969), p o lym e risa tio n  cou ld  be re a c t iv a te d  a f t e r  
t r a n s c r ip t io n  ceased I f  the v iru s  was p e lle te d  and
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Time course o f ro ta v iru s  In v i t r o  t r a n s c r ip t io n .
P u r i f ie d  ro ta v iru s  was incubated in standard 
re a c t io n  co n d it io n s  as describ ed  in m a te r ia ls  
and methods. Samples were taken a t  in te r v a ls  
and counted fo r  TCA in so lu b le  r a d io a c t iv i t y .
I
1 2 3 5 6 7 8
Time (h )
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3.1 ( C o n t ' d . )
resuspended In fre s h  t ra n s c r ip t io n  m ix. F i g .2 shows the 
r e s u lts  o f fo u r rounds o f t ra n s c r ip t io n  from a s in g le  
v iru s  sample, and a lthough in co rp o ra tio n  is  reduced by 
the th ird  in cu b a tio n , the t ra n s c r ip ta s e  i s ' s t i i l  a c t iv e  
a f t e r  t h is  p e r io d .
Some o f the co n d it io n s  fo r  t r a n s c r ip t io n  were 
o p tim ised . The re a c t io n  was com p lete ly  dependent on the 
presence o f a l l  fo u r n u c leo s id e  trip h o sp h a tes  and 
om ission o f any one (except UTP) prevented in co rp o ra tio n  
o f ^H-UTP in to  a c id  in so lu b le  m a te ria l [ f i g .  3 ( a ) ] .  T h is  
is  p re lim in a ry  e v id en ce  th a t the ^H-UTP is  being 
inco rpora ted  in to  RNA. The re a c t io n  was a ls o  dependant 
on the presence o f magnesium io n s , and the optimum 
magnesium c o n c e n tra t io n  was shown to  be 9 mM ( in  c o n tra s t  
to  the re o v iru s  optimum o f 13 mM) In f i g .  3 ( b ) .  The 
optimum v ir u s  co n ce n tra t io n  was 750 pg/ml [ f i g .  3 ( c ) .
For use in com parative  experim ents (be low ), re o v iru s  
mRNA was ob ta in ed  by In v i t r o  t r a n s c r ip t io n .  The standard  
method o f chym otrypsin  d ig e s tio n  (Skehel and J o k l i k ,  1969) 
was used to  a c t iv a t e  the v iru s  p a r t i c le s ,  and the 
t r a n s c r ip t io n  m ix tu re  was the same as th a t used fo r  
ro ta v ir u s .  A tim e course  o f t r a n s c r ip t io n  o f re o v iru s  
Is  shown in f i g .  A.
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F ig .2 R e a c t iv a t io n  o f ro ta v iru s  t ra n s c r ip t io n
<*00 mg ro ta v iru s  was incubated in 0.5 ml 
t r a n s c r ip t io n  mix fo r  6h as p re v io u s ly  described  
and a sample was counted fo r  TLA in so lu b le  
r a d io a c t iv i t y .  The v iru s  was then p e lle te d  and 
resuspended in fre sh  t r a n s c r ip t io n  mix fo r  th ree  
fu r th e r  re a c t io n s  and the incorporated  ra d io ­
a c t i v i t y  was measured each tim e.
The y i e ld  o f RNA from each re ac tio n  was as fo llo w s
Reaction 1 -  220 pg
2 - 320 ug
3 - 75 Mg
6 ■ 65 Mg
The to ta l y ie ld  o f  RNA was 680 pg
F i g . 3 O p tim isa tio n  o f c o n d it io n s  fo r  ro ta v iru s  In v i t r o
t r a n s c r ip t io n .
a ) R o ta v iru s  was incubated in the f u l l  t r a n s ­
c r ip t io n  m ixture (— ) or in m ixtu re  la ck in g  
GTP ( - $ - ) ,  CTP (-£ r- ) o r ATP ( - C M  . The 
Contro l re a c t io n  con ta ined  no v i r u s .  (-A r-) 
Samples were taken a t  in te r v a ls  and counted 
fo r  TCA-inso lub le  r a d io a c t iv i t y .
b) O p tim isa tio n  o f Magnesium co n cen tra tio n  fo r
in v i t r o  t r a n s c r ip t io n  o f r o ta v ir u s .  R o ta v iru s  
was incubated in the t r a n s c r ip t io n  re a c tio n  
m ix tu re  co n ta in in g  the magnesium co n cen tra tio n s  
shown fo r  60 min and samples were then counted 
f o r  TCA-insolubte r a d io a c t iv i t y .
c )  O p tim isa tio n  o f v iru s  co n ce n tra t io n . The 
q u a n t it ie s  o f v iru s  shown were incubated in
50 ul o f  t r a n s c r ip t io n  re a c tio n  mix fo r  60 m in, 
b e fo re  samples were counted fo r  TCA-inso lub le  
r e a c t i v i t y .
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P u r i f ie d  re o v iru s  was d igested  w ith  Chymo­
try p s in  and incubated In standard  re a c tio n  
co n d it io n s  as described  in m a te r ia ls  and 
methods. Samples were taken a t  in te r v a ls  
and counted fo r  TCA in so lu b le  r a d io a c t iv I t y .
Time course o f re o v iru s  in v i t r o  t r a n s c r ip t io n .
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3.1 (C o n t 'd .)
mRNA produced by in v i t r o  t r a n s c r ip t io n  was p u r i f ie d ,  
and the y ie ld  o f mRNA was measured by 01*280^^280 
measurement. 1 mg o f mRNA has o f 5 .60 . kOOug °T
p u r if ie d  ro ta v iru s  tra n s c r ib e d  680 ug o f pure mRNA in 
fo u r rounds o f t r a n s c r ip t io n  ( f i g . 2 ) ,  i . e .  1.7 mg RNA per 1 mg 
v i ru s .
3 .2 Sucrose g ra d ien t sed im en tation  o f the products o f the 
ro ta v iru s  p o lym e risa tio n  re a c t io n .
V iru s  p a r t ic le s  were removed from the t r a n s c r ip t io n  
re a c t io n  m ixtu re  by p e l le t in g  a t  100,000 xg fo r  60 min 
and the products o f the re a c t io n  were p u r if ie d  by phenol 
e x tra c t io n  and ethano l p r e c ip it a t io n  o f the  su p e rn a tan t. 
The s iz e  range o f the t r a n s c r ip t io n  products was then 
estim ated  by sed im en tation  through non-denaturing lin e a r  
15*30% w/v sucrose g ra d ie n ts . R eo v iru s  mRNA was 
sedimented under the same c o n d it io n s  to  p ro v id e  a 
m o lecu la r w eight m arker.
A sucrose  g ra d ien t p r o f i l e  o f re o v iru s  mRNA
32tra n sc r ib e d  in the presence o f P-GTP is  shown In 
Tig* 5 ( i ) ,  and the  w e ll c h a ra c te r is e d  peaks o f the s , 
m and t  s iz e  c la s s e s  o f re o v iru s  mRNA a re  c le a r l y  seen. 
The peaks have mean sed im en tation  c o e f f ic ie n t s  o f 12S, 
18S and 25S re s p e c t iv e ly  (Skehel and J o k l i k ,  1969). 
R o ta v iru s  mRNA tra n s c r ib e d  In th e  presence o f ^H-UTP 
was compared to  re o v iru s  mRNA by sucrose g ra d ien t
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F ig .5
Sucrose-SDS d e n s ity  g ra d ie n t f r a c t io n a t io n  o f
a )  ^H -reovlrus mRNA (—♦ —) f ra c t io n a te d  fo r  l8h
32 3and b) P re o v iru s  mRNA ( — O — ) and ro ta v iru s
mRNA (—# —) fra c t io n a te d  fo r  30h. The mRNA1 s from 
In v i t r o  t r a n s c r ip t io n  re a c t io n s  were produced by 
phenol e x tra c t io n  and ethano l p r e c ip ita t io n  and 
la ye red  onto  15_30% sucrose g ra d ien ts  in TLES 
b u f fe r .  A f t e r  c e n t r ifu g a t io n  a t  60,000g fo r  the 
tim es g iven  a t  20#C, the g ra d ie n ts  were f r a c t io n ­
a ted  in to  0 .3  ml sam ples. 50 pi a l iq u o ts  o f each 
sample were counted fo r  TCA p r é c ip ita b le  c .p .m . 
D ire c t io n  o f sed im entation  is  in d ica ted  by an 
arrow  a t  the top o f the g raphs.
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3.2 (C o n t 'd .)
sed im en ta t io n , and i t  formed a s in g le  broad peak w ith  a
mean sed im en tation  c o e f f ic ie n t  o f about 10S [ f i g .  5 (1 1 ) ] .
D is c re te  peaks were not d e te c ta b le ,  in d ic a t in g  th a t
ro ta v iru s  mRNA Is  p robab ly n o t separab le  in to  d is c re te
s iz e  c la s s e s .  Most o f the ro ta v ir u s  mRNA appears to  be
sm alle r o r  the same s iz e  as th e  small s iz e  c la s s  o f
re o v lru s  mRNA. Comparison o f ro ta v iru s  and re o v iru s
dsRNA s (s e c t io n  1.3.1 • **,f i g . 7) p re d ic ts  th a t  7 o f the ro ta v iru s
mRNA's would f i t  in to  th is  broad peak but th a t the fou r
la rg e s t  mRNA's would be expected to form a peak near the
m s iz e  c la s s  o f re o v lru s  mRNA's. Sucrose g ra d ien t
sed im en tation  o f ro ta v iru s  mRNA's has s in c e  been done
by Mason et^ aj_. (1980) who estim ated  the ave rage  s iz e
o f the mRNA's to  be 12S. The most l i k e l y  ex p lan a tio n
fo r  our r e s u lt s  is  th a t the la r g e r  mRNA's a re  not w e ll
represented  In the t r a n s c r ip t io n  p ro d u c ts , e ith e r
because o f a reduced le v e l o f  t r a n s c r ip t io n  o f la rg e r
mRNA's In th e  In v i t r o  re a c t io n  o r  because o f  ribonuc lease
a c t i v i t y  In the p u r if ie d  v ir u s  p re p a ra t Io n s .
3.3 Dem onstration o f the double stranded n a tu re  o f v ir io n  RNA
Befo re  experim ents in v o lv in g  the use o f  dsRNA fo r  
h y b r id is a t io n  were carried o u t , i t  was o f in t e r e s t  to  
determ ine th e  p ropo rtion  o f th e  RNA e x tra c te d  from v iru s  
and ethanol p r e c ip ita te d  th a t was double s tran d ed , and to 
determ ine I f  i t  was f u l l y  double stranded w ith o u t ss
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t a i l s .  Th is experim ent a ls o  tested  whether o r  not dénatur­
a t io n  of dsRNA in 90% DMSO separated the two s tran ds and 
determ ined i f  our t ra n s c r ip t io n  product was s in g le  stranded 
RNA.
SI n uc lease  is  h ig h ly  s p e c i f ic  fo r  s in g le  stranded RNA
m olecu les or s in g le  stranded reg ions o f RNA, and is  freq u en tly
used to  remove any ss t a i l s  on dsRNA m o lecu les . dsRNA was 3 '
end la b e lle d  w ith  ^ pC p  and T^RNA lig a s e  as d escribed  in 
32ch ap te r 2. Free  pCp was separated from dsRNA by gel f i l ­
t r a t io n  on Sephadex G50. mRNA la b e l le d  in the presence of 
^H-UTP, end la b e l le d  dsRNA and dsRNA which had been denatured 
in 90% DMSO fo r  20 min a t  45*C and then ethanol p re c ip ita te d  
were a l l  Incubated in the presence o f 1,000 un lts/m l S I 
n u c le a se . Samples were taken a t  0, 15, 30 and 60 min and 
the TCA p r é c ip ita b le  r a d io a c t iv i t y  in each sample was 
determ ined ( ta b le  1 ) .  Evidence o f n uc lease  d ig e s t io n  was 
p rov ided  by the r a d io a c t iv i t y  in the RNA becoming TCA 
s o lu b le . None o f the TCA p r é c ip ita b le  cpm In mRNA Incubated 
w ith o u t SI n u c lease  were lo s t ,  w h ile  96% o f those In mRNA 
Incubated w ith  S I n u c le a se  were lo s t .  A l l  the TCA p r é c ip i t ­
a b le  cpm in dsRNA were recovered a f t e r  60 min in S I nuclease  
v a i lle  on ly 3.3% remained in denatured dsRNA tre a te d  the same 
way. Th is experim ent shows 1) th a t a l l  the RNA ex tra c ted  
from v iru s  p a r t ic le s  Is  double stranded , 2) th a t there  
a re  no ss t a i l s  a t  the 3 1 end of the RN A 's, 3) con firm s 
th a t the dén a tu ra tio n  co n d it io n s  used a re  h ig h ly  e f f e c t iv e  
a t  sep a ra tin g  the two strands o f dsRNA and 4) I t  provas
3.3 (C o n t 'd . )
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E f f e c t  o f S1 nu c lease  on our t r a n s c r ip t io n  product.
Samp 1 e O escrip t ion O' c .p .m .''’
15'
30' 60' %lo ss
1 Control mRNA 
(No S I )
38,660 39,702 44,189 41,110 0
2 3H mRNA 23,433 3,109 1,956 945 96
3 32P dsRNA 99,554 88,157 90,628 110,080 0
4 323 P dsRNA 
denatured 
in 90% DMSO
168,093 16,769 9,681 5,567 96.7
'‘'The samples in d ica te d  were Incubated In no n u c le a se  (no 1) or 
1,000 unlts/m i S I n uc lease  (sam ples 2, 3 and I* ). Samples were 
taken a t  15 min In te r v a ls  and counted fo r  TCA p r e c lp lta b le  
ra d lo a c t Iv l  t y .
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3.3 (C o n t 'd .)
th a t the product o f In v i t r o  t ra n s c r ip t io n  Is  s in g le  
stranded  RNA.
3.*t H y b r id is a t io n  o f the polym erase product to v ir io n  RNA
T h is  experim ent was designed to g iv e  more d e ta i le d  
in form ation  on which RNA sp ec ies  a re  represented in th e  
t r a n s c r ip t io n  p ro d u c ts . R o ta v iru s  mRNA tran sc rib ed  in
v i t r o  was 3 ' end la b e l le d  and the end la b e lle d  RNA was
32separated  from f r e e  pCp by gel f i l t r a t i o n .  The end 
la b e l le d  mRNA was then h yb r id ised  to  u n lab e lle d  genomic 
denatured dsRNA by the  method o f Ito  and Jo k l ik  (1 9 7 2 ). 
The mRNA was p resen t in a 10-fold mass excess to  m axim ise 
h y b r id is a t io n  o f the  ra d io la b e l led  product to  each o f  the 
genome dsRNA segm ents. Samples were taken a t  timed 
pe rio ds  and h a lf  o f  each were d igested  w ith  S I n u c le a se  
to  remove s in g le  stranded  RNA's. The r a d io a c t iv i t y  in  
both the d igested  and und igested samples was compared 
to  determ ine the p ro p o rtio n  o f end la b e lle d  mRNA th a t 
had h yb r id is e d  to  dsRNA.
The end product o f the h y b r id is a t io n  re a c tio n  was 
compared to  dsRNA on po lyacry lam id e  g e ls  (PAGE) and th e  
r e s u lt s  a re  shown In f i g . 6 . The ro ta v iru s  t r a n s c r ip t io n  
products h yb r id is e d  to  v ir io n  dsRNA and the products 
com igrated w ith  3 ' end la b e lle d  dsRNA on PAGE. A n a ly s is  
o f the h y b r id is a t io n  products shows th a t the t r a n s c r ip t s
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H y b r id isa t io n  of the ro ta v iru s  in v i t r o  
t r a n s c r ip ts  to ro ta v iru s  dsRNA.
Autoradiogram  o f SDS-PAGE of
»2A) p u r if ie d  ro ta v iru s  P la b e lle d  dsRNA and
32B) products o f h y b r id is a t io n  o f J  P la b e lle d  
t ra n s c r ip ts  to  u n lab e lle d  denatured dsRNA.
3 ' end la b e lle d  mRNA was mixed w ith  co ld  dsRNA 
fo r  h y b r id is a t io n  as described  in m a te r ia ls  and 
methods. The products were ethanol p r e c ip ita te d ,  
re d isso lved  in 2x SSC b u ffe r  and tre a ted  w ith
0.5 wg/ml p an c rea tic  RNAase. The RNAase r e s is t a n t
32m ate ria l was then compared to  P la b e lle d  dsRNA 
by PAGE.
3A (C o n t 'd .)
o f  the la rg e r  RNA segments a re  under-rep resen ted . The
«experim ent was a ls o  done w ith  mRNA la b e lle d  w ith  P 
GTP in the t r a n s c r ip t io n  mix and the same re s u lts  were 
o b ta in ed . T h is  suggested th a t  t r a n s c r ip t io n  o f h ig h e r 
m o lecu la r w e igh t RNA's was le s s  e f f i c i e n t  than th a t of 
lower m o lecu la r w e igh t RNA's ra th e r than the r e s u lt  of 
n u c le a se s , as RNA fragm ents re s u lt in g  from nu c lease  a c tio n  
would s t i l l  h y b r id is e  to  denatured dsRNA and some would be 
expected to  form products th a t  com igrate  w ith  dsRNA on 
PAGE. Th is r e s u lt  a t  le a s t  p a r t i a l l y  accounts fo r  the 
sm all o v e r a l l  s iz e  o f the  mRNA product. In c o n t r a s t ,  
re o v lru s  t r a n s c r ip t io n  s yn th e s ise s  equal mass amounts o f 
RNA from each segment (Zw eerink  and J o k l l k ,  1970), and 
t ra n s c r ip t io n  o f re o v lru s  under the same co n d it io n s  as 
used fo r  ro ta v ir u s  produced mRNA o f a l l  th ree  s iz e  c la s s e s  
in the expected p ro p o rtio n s  [see  f i g .  9 ( 0 ] .
t
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3.5  A n a ly s is  o f p o s t t r a n s c r lp t io n a l m o d if ic a t io n s  o f the 
in v i t r o  RNA p ro du ct.
3-5.1 P o ly a d e n y la t io n . The RNA tra n s c r ib e d  in v i t r o  by o th e r
members o f the re o v lru s  fa m ily  Is  unusual in th a t i t  does
not co n ta in  3 ' te rm in a l po ly A (S to l tz fu s  £ t  a j_ ., 1973;
B ishop , 1977). We an a lysed  the ro ta v ir u s  RNA tra n sc r ib ed  
in the presence o f ^H-UTP by a f f i n i t y  chromatography on 
o lig o  dT c e l lu lo s e  to determ ine w hether i t  con ta ined  a 
sequence o f po ly A. The r e s u lts  a re  shown in f ig u re  7. 
Under c o n d it io n s  where 96% o f the ^ P  c e l lu l a r  mRNA 
( is o la te d  from the cytop lasm  o f u n in fec te d  BSC-1 c e l l s  
la b e lle d  w ith   ^ P fo r  lO h) bound to  o lig o  dT c e l lu lo s e ,  
le s s  than 1% o f the ro ta v ir u s  t r a n s c r ip t io n  product o r 
re o v lru s  mRNA bound to  the  column. Thus, ro ta v iru s  mRNA 
appears to  resemble re o v iru s  mRNA In th a t  I t  does not
co n ta in  3 ‘ term inal p o ly  A. The p resence o f a very
sh o rt s t re tc h  o f o lig o  a d e n y la te s  has not been ru led  out 
by th is  experlm ent-a fu r th e r  te s t  o f b ind ing  the mRNA 
to  po ly U f i l t e r s  (which bind much sh o rte r  s t re tch e s  o f 
po ly  A) would e lim in a te  th is  p o s s ib i l i t y .
3 .5 .2  M é th y la t io n . The RNA polym erase a c t i v i t y  o f CPV Is  g re a t ly  
s t im u la ted  by the In c lu s io n  o f the m ethyl donor, S-adenosyl 
m ethionine In the re a c t io n  m ixture (F u r u ic h i ,  197*0.
The methyl group o f SAM Is  Inco rporated  In to  a 5 ‘ term inal 
cap s t ru c tu re ,  s im ila r  to  th a t found on most e u ca ryo tlc
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01 Igo «JT c e l lu lo s e  chromatography o f In v i t r o
tra n s c r ib e d  mRNA. ro ta v iru s  mRNA (c e n tre  
p an e l) was compared to  ^H -reovirus mRNA ( l e f t  
p an e l) and 3 P - c e l lu la r  mRNA ( r ig h t  p a n e l) .
The p u r if ie d  mRNA in 0.15 ml O.AM KOI ,
50 mM Trls-HC I pH ?.1* (h igh s a l t  b u f fe r )  was 
washed through a column o f o l ig o  dT c e l lu lo s e  
in h igh s a l t  b u f fe r . When a l l  unbound 
r a d io a c t iv i t y  had passed through the column, 
mRNA w hich had bound to  the o l ig o  dT c e l lu lo s e  
was e lu te d  w ith  50 mH Tris-HC I pH7.<* (low  s a l t  
b u f f e r ) .  A liq u o ts  o f each f r a c t io n  c o lle c te d  
were counted fo r  T C A -p rec ip itab le  r a d io a c t iv i t y .
[ n] c .p .m . x 10"
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salt 
I high sa
lti 
low
 salt
I: 3 .5 .2  ( C o n t ' d . )
t
mRNA's. R eo v iru s  RNA polym erase a c t i v i t y  is  independent 
o f SAM, but the  products a re  m ethylated  in the presence 
o f SAM (F u ru ic h i e t  a l_ . , 1975).
The standard  ro ta v iru s  t r a n s c r ip t io n  re a c t io n  was
not g re a t ly  in h ib ite d  by om ission  o f SAM, nor by
replacem ent o f SAM w ith  the in h ib i to r  of m é th y la tio n .
S-adenosyl hom ocysteine (SAH) ( F ig .  8 ) .  These re s u lts
in d ic a te  th a t ro ta v ir u s  t r a n s c r ip t io n  can take p lace
w ith o u t m é th y la tio n  o f the p ro d u ct. However, the
product o f t r a n s c r ip t io n  may become m ethylated  during
the t r a n s c r ip t io n  process w ith o u t t r a n s c r ip t io n  being
dependent upon I t  i f  a m ethyl donor is  p re se n t . To
determ ine w hether m é th y la tio n  does o c cu r, the mRNA
was tra n s c r ib e d  w ith  ^H-methyl S-adenosyl m ethionine
as the ra d io la b e l led  p recu rso r so th a t o n ly  methyl
groups would become la b e l le d .  ^H-methyl groups were
Indeed in co rpo ra ted  in to  new ly tra n s c r ib e d  mRNA ( f ig .8 b ) .
Th is methyl la b e l le d  mRNA co-m igrated w ith  ^ ^ P- lab e lled
ro ta v iru s  mRNA (which was tra n s c r ib e d  In the presence 
32o f P GTP) on sucrose  g ra d ie n t  sed im en tation  ( f i g . 9 ) .  
These experim ents confirm ed th a t  the ro ta v iru s  p a r t ic le  
co n ta in s  the enzymes req u ired  to  m ethy la te  the product 
o f ro ta v iru s  In v i t r o  t r a n s c r ip t io n .
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F i g . 8
a ) E f f e c t  o f in h ib it in g  m é th y la tio n  on tra n s ­
c r ip t io n  a c t i v i t y .
V iru s  was Incubated In a ) the standard re a c tio n  
(—■ - )  » b) mix lack ing  the methyl donor SAM 
) o r  c )  mix where SAM was rep laced  by the 
in h ib i to r  o f m éthy lation  SAH ( -A  ) (see te x t )  
and in co rp o ra tio n  o f 3H-UTP in to  a c id  in so lu b le  
m a te ria ) was measured. Contro l samples (- ♦ —) 
con ta ined  no v ir u s .
b) In co rp o ra t io n  o f 3H-SAM in to  products o f In 
v ) t r o  t r a n s c r ip t io n .
V iru s  was Incubated In a re a c t io n  m ixture In 
which 3H-UTP was rep laced  by 3H-SAM ( - A - ) , 
and samples were counted fo r  TCA-Insolub le  
r a d io a c t iv i t y .  Contro l samples (—A —) 
con ta ined  no v iru s .
Sucrose-SDS d e n s ity  g ra d ie n t f r a c t io n a t io n  
32
o f a ) P ro ta v iru s  mRNA (—A —) and 
b) 3H-methy1 la b e l le d  ro ta v iru s  mRNA (- ▲ - ) .  
The mRNA1s were f r a c t io n a te d  on a sucrose 
g ra d ien t as described  In  f i g . 5.
3 .5 .3  Are the methyl groups p resen t In an a lk a l i  r e s is t a n t  cap?
mRNA syn th es ised  in the  presence o f ^H-methyl S-adenosyl 
m ethionine was d ig ested  w ith  a lk a l i  to  determ ine whether 
the methyl groups were p resen t in a lk a l i  d ig e s t ib le  
n u c le o tid e s  o r in an a lk a l i  r e s is ta n t  cap . A f t e r  
d ig es tio n  in 0.3M KOH fo r  l8h a t  37 °C , the p roducts were 
fra c t io n a te d  by DEAE c e l lu lo s e  chromatography as described  
by Tener (1967) and compared w ith  a lk a l i  d ig es ted  mRNA 
tran sc rib ed  In the presence o f ^H-UTP.
P a r t i a l l y  d igested  3* end la b e lle d  mRNA was used as 
a standard to  g iv e  the e lu t io n  p o s it io n s  o f n u c le o t id e s  
o f s iz e s  ranging from m ononucleotide to  sm all o lig o n u c le o ­
t id e s .  The e lu t io n  p r o f i l e  in f i g . 10 shows th e  p o s itio n s , 
o f o lig o n u c le o t id e s  w ith  net n eg a tive  charges from -2 to 
-6. When a lk a l i  d ig ested  ^H-methyl la b e lle d  mRNA was 
sub jected  to  the  same c o n d it io n s , most o f the ra d io a c t iv e  
m a te ria l was seen to  have a net n eg a tive  charge  o f 
between -5 and -6 from I t s  p o s it io n  o f e lu t io n  from the 
column [ f ig .  1 1 (1 ) ] .  A lk a l i  d igested  mRNA la b e l le d  w ith  
^H-UTP was seen to  have a n e t n eg a tive  charge o f  -2. 
^H-methyl la b e lle d  re o v lru s  mRNA, In which the  methyl 
groups a re  known to  be incorporated  In to  a 5* cap , had 
the same e lu t io n  p r o f i l e  as ro ta v iru s  mRNA la b e l le d  w ith  
^H-SAM ( f i g ,  1 1 (1 1 )] .  These experim ents th e re fo re  show
- 17*
D EA E-ce llu lo se  chromatography o f p a r t i a l l y  
d ig e s te d  mRNA. A ' la d d e r 1 o f marker 
o lig o n u c le o t id e s  was prepared by p a r t ia l l y  
d ig e s t in g  32pCp 3 ' end la b e l le d  mRNA w ith  
50 mM ca rbo nate/b lca rbonate  b u ffe r  pH9.0 
a t  90 °C fo r  10 min. The d ig e s ts  were 
n e u t ra l iz e d , d i lu te d  in 5 mM Trls-HC l 
PH7.8 and ap p lie d  to  a 5 ml DEAE c e l lu lo s e  
column. A 50 ml l in e a r  g ra d ien t o f 20 mM 
to  0.3 M NaCl In 7 M u rea , 5 mM Tris-HCI 
PH7.8 was ap p lie d  to e lu te  the RNA's. The 
r a d io a c t iv i t y  In samples o f each f r a c t io n .
F i g . 10
was counted.
F ra c t io n  no.
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F i q . H
DEAE c e l lu lo s e  chromatography o f a lk a l in e  d ig e s ts  
o f a ) ^H-UTP la b e lle d  ro ta v iru s  mRNA ( — O — ) and 
-methyl la b e lle d  ro ta v iru s  mRNA ( -A - )  and 
b) ^H-methyl la b e lle d  re o v lru s  mRNA { 0  ) The 
mRNA's tra n s c r ib e d  In v i t r o  were d igested  w ith  
0.3M KOH a t  37°C fo r  l8h . The d ig e s ts  were then 
n e u tra liz e d , d i lu te d  In 5 mM Trls-HC I pH7.8 and 
fra c t io n a te d  on a 5 ml DEAE c e l lu lo s e  column as 
described  In f i g . 10.
-2 -3 -I* -5 -6
F ra c t io n  No.
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3.5.3 ( Con t 1 d . )
th a t (1 ) ro ta v ir u s  mRNA is  capped and m ethylated  and 
(2 ) th a t  the m ethyl groups a re  present in a 5 ' cap 
o f s im i la r  s iz e  to  tha t o f re o v iru s  and indeed to a i l  
o th e r v ir u s  caps an a lysed  to  date  (S h a tk in , 1976).
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CHAPTER 3 
DISCUSSION
The aim o f t h is  p a rt o f the th e s is  was to  c h a ra c te r is e  the 
RNA product o f the c a l f  r o ta v ir u s  v ir io n  a s s o c ia te d  RNA 
po lym erase. S t ru c tu ra l c h a ra c te r is a t io n  o f the RNA product 
is  described  in th is  ch ap te r and the theme is  extended in 
ch ap te r k by determ in ing  i t s  a b i l i t y  to fu n c t io n  as mRNA in an 
in v i t r o  t r a n s la t io n  system , as  the prim ary m otive fo r  
t ra n s c r ib in g  mRNA In v i t r o  was to  c h a ra c te r is e  the prim ary 
gene products by In v 11ro t r a n s la t io n  as a b a s is  fo r  stu d ies  
on the p rocessing  o f ro ta v iru s  p o lyp e p tid e s .
C ond itions fo r  e f f i c i e n t  in v i t r o  t r a n s c r ip t io n  o f ro ta v iru s  
were o p tim ised . The w e ll c h a ra c te r is e d  re o v lru s  polymerase 
was used fo r  d ir e c t  comparison o f  the t r a n s c r ip t io n  and 
p ro p e r t ie s  o f re o v iru s  mRNA and ro ta v ir u s  mRNA. The 
t ra n s c r ip t io n  re a c t io n  mix th a t we used was adapted d i r e c t ly  
from the  one known to  g iv e  op tim al t r a n s c r ip t io n  o f re o v iru s  
mRNA (Skehel and Jo k t ik ,  1969) and the on ly  m o d if ic a t io n s  
were the magnesium co n cen tre tIo n  and the method o f a c t iv a t io n .  
R eo virus Is  a c t iv a te d  by chym otrypsin  which hes to  be removed 
p r io r  to  t r a n s c r ip t io n  b u t, because Cohen (1977) reported  tha t 
the ro te v iru s  polym erase was a c t iv a te d  by EDTA which Is  a 
c o n s t itu e n t  o f the t r a n s c r ip t io n  m ix , we were a b le  to  cu t out 
e separate  a c t iv a t io n  step  p r io r  to  ro ta v iru s  t r a n s c r ip t io n .  
The re a c t io n  co n ta in s  a b e n to n ite - lik e  reagent (M aca lo ld ) 
which a ls o  a c t iv a t e s  the po lym erese . Both compounds a c t iv a te
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t r a n s c r ip t io n  by c h e la t io n  o f ca lc ium  which loosens and 
removes the p ro te in s  o f the v iru s  ou te r s h e ll (Cohen et_ 
a l . ,  1979). The in te re s t in g  fe a tu re  o f the t ra n s c r ip t io n  
re a c t io n  i t s e l f  was i t s  g re a t e f f ic ie n c y  - the w eight o f 
p roducts  generated was g re a te r  than the mass o f the input 
v i r u s .  Reo virus can t ra n s c r ib e  mRNA w ith  equal e f f ic ie n c y  
(Skehel and Jo k l ik ,  1969). which is  p a rt o f  the reason why 
re o v iru s  mRNA's have been e x te n s iv e ly  used fo r  the study of 
s t ru c tu re  and fu n c tio n  o f e u ca ry o t ic  mRNA's. The fa c t  tha t 
the RNA product can be separated  from the v ir io n  by 
c e n t r ifu g a t io n  o f the p a r t ic le s  Im p lie s  th a t  the product is  
re le a se d  from the p a r t ic le s  during  t r a n s c r ip t io n .  The core  
p a r t i c l e  dsRNA is  o b v io u s ly  conserved du ring  the process 
and does not perm anently combine w ith  the  new RNA product as 
the polym erase can be re a c t iv a te d  a f t e r  the  re a c t io n  by 
c e n t r ifu g a t io n  o f the v ir u s  and resuspending i t  in fre sh  
t r a n s c r ip t io n  mix.
P roo f th a t  the products o f the  t r a n s c r ip t io n  re a c t io n  were 
indeed mRNA came from a number o f experim ents . Use o f S I 
n u c lease  proved th a t  the product was sing  la-stran d ed  RNA. 
Sucrose g ra d ie n t d e n s ity  sed im entation  showed I t  to  be o f 
a s iz e  com patib le  w ith  th a t expected I f  th e  dsRNA segments 
tra n s c r ib e d  f u l l  leng th  RNA c o p ie s . However, th e re  wes no 
peak com patib le  w ith  the expected s iz e  o f the  fo u r le rg e s t  
RNA segments so these a re  e ith e r  under-represented  o r 
m issing  from  our t r a n s c r ip t io n  product. F u r th e r  In v e s t ig a t io n
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using h y b r id is a t io n  showed th a t much le ss  o f th e se  la rg e r  
mRNA's h yb r id ised  to  genomic RNA than the sm a lle r  mRNA's, 
re v e a lin g  a d e f ic ie n c y  in t ra n s c r ip t io n  from th e  la rg e r  
genomic RNA s p e c ie s , in co n tra s t to  reo v lru s  t r a n s c r ip t io n ,  
where a l l  RNA's a re  tran sc rib ed  a t  the same r a t e .
B e rn s te in  and Hruska (1981) reached the same co n c lu s io n  
about ro ta v iru s  t r a n s c r ip t io n  • th e ir  q u a n t it a t iv e  estim ates 
o f each t r a n s c r ip t  a f t e r  e le c tro p h o re t ic  s e p a ra t io n  revea led  
th a t th e re  was r e l a t i v e l y  le s s  o f t ra n s c r ip ts  1 , 2 , 3 and 5 
compared to  o th e r mRNA sp ec ie s . A po ss ib le  remedy was 
reported  by Mason ejt al_. (1980) who found th a t when tra n s ­
c r ip t io n  tim es were reduced to  2h, In v i t r o  t r a n s la t io n  o f 
the t r a n s c r ip ts  produced more o f the la rg e r  p ro te in s .
These experim ents showed th a t ro ta v iru s  t r a n s c r ib e s  e leven  
separate  segments o f  s in g le  stranded RNA, each h y b r id is in g  
to  one double stranded  RNA segment. In v i t r o  t r a n s la t io n  
in ch ap te r 1« was f in a l  proof th a t the t r a n s c r ip t s  a c t  as 
mRNA.
A la rg e  sec tio n  o f t h is  chap ter was devoted to  In v e s t ig a t in g  
the important m o d if ic a t io n s  common on mRNA's - l . e .  poly- 
a d e n y la t io n , m é th y la tio n  and 5 ' capping. R e o v lru s  mRNA Is  
one o f a small group o f fu n c tio n a l mRNA's which com p lete ly  
la ck  a 3 ' po ly A t a i l  (S to ltz fu s  e t a l . ,  1973) a n d , w h ile  
a more d e ta ile d  a n a ly s is  o f the 3* term inal s t ru c tu re  o f 
ro ta v iru s  mRNA Is  needed before  we can conclude th a t  there
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Is  a b s o lu te ly  no 3 ' po ly A t r a c t ,  I t  seems l i k e l y  th a t 
ro ta v iru s  mRNA a ls o  belongs to  th is  group as I t  does not 
bind to  o lig o  dT c e l lu lo s e .  Th is o b se rva t io n  has been 
confirm ed by B e rn s te in  and Hruska (1 9 8 1 ). 3 ‘ po ly A on 
mRNA has not been shown to  have a fu n c t io n  In re co g n it io n  
o r  in e f f ic ie n c y  o f  t r a n s la t io n  but Is  reputed to  be very  
Im portant in p ro te c t in g  th e  s t a b i l i t y  o f mRNA In v iv o  
(Revel and G ron er, 1978). However, re o v iru s  mRNA seems to 
be as s tab le  as any o th e r mRNA sp ec ie s  when m lc ro in je c te d  
in to  Xenopus o o cy te s  (McCrae and Woodland, 1981). Thus 
re o v iru s  mRNA (and presumably ro ta v ir u s  mRNA) must have an 
a l t e r n a t iv e  mechanism fo r  ensuring  s t a b i l i t y  o f the mRNA 
sp e c ie s . However, both re o v iru s  and CPV mRNA a re  m ethylated 
and have 5 ' caps (B ish o p , 1977). We dem onstrated 
in co rp o ra tio n  o f ^H-S-adenosyl m eth ion ine  in to  ro ta v iru s  
mRNA during t r a n s c r ip t io n  which showed th a t i t  cou ld  be 
m ethylated  In v i t r o  and th e re fo re  th a t the  p u r if ie d  v ir io n  
c a r r ie s  an RNA m ethylase  a c t i v i t y  as w e ll as the RNA polymerase 
a c t i v i t y  i n i t i a l l y  described  by Cohen (1 97 7 ). More d e ta ile d  
a n a ly s is  o f the m ethyl la b e l le d  RNA by a lk a l i  d ig e s t io n  and 
an ion exchange chrom atography on OEAE c e l lu lo s e  re vea led  th a t 
the methyl groups on the RNA a re  p resen t In the a lk a l i  
r e s is ta n t  cap common to  most e u ca ryo t lc  mRNA's examined to  
date (Huthukrlshnan e£ a l_ . , 1975). H e th y la t lo n  was not 
requ ired  fo r  the t r a n s c r ip t io n  o f ro ta v ir u s  mRNA, making i t  
l i k e l y  th a t the capping  mechanism w i l l  be s im ila r  to  th a t 
seen w ith  re o v iru s  (S h a tk ln , 197*0 end d is t in c t  from th a t
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observed w ith  the In sec t dsRNA co n ta in in g  v i r u s  CPV 
(F u r u ic h i ,  1978; see se c tio n  1.3.3*1>*>)> The presence of 
a 5 ' te rm in a l cap s t ru c tu re  im p lies the p resence o f another 
enzyme a c t i v i t y ,  namely guanyl t ra n s fe ra s e , w hich  c a ta ly s e s  
the 5 ' to  5* lin k ag e  o f g u an y lic  a c id  to  the 5 ' end o f the 
mRNA cha in  (F u ru ic h i et  ^ a j_ . , 1979)- D e ta ile d  sequencing of 
the cap s t ru c tu re  is  requ ired  to  confirm  t h i s .  The a lk a l i  
r e s is ta n t  cap had the same net n e g a tiv e  charge as the 
re o v iru s  c a p , so i t  p robab ly has a type 1 cap s t ru c tu re  as 
described  by Sh a tk in  (1976 ). In te rn a l m e th y la tio n  o ften  
seen on e u c a ry o t ic  c e l lu l a r  mRNA's but not found on re o v iru s  
o r  CPV mRNA was not d e tected  in  our a n a ly s is  o f  ^H-methyl 
la b e l le d  mRNA as no cpm com igrated w ith  d ig e s ts  o f RNA 
th a t were not a lk a l i  r e s is t a n t .
The 5* cap o f  mRNA has an im portant ro le  In both  mRNA s t a b i l i t y  
and in p ro te in  syn th e s is  (B a n n e rje e , 1980). Capped mRNA's have 
been shown to  be much more e f f i c i e n t  than uncapped mRNA's in  in 
v l  tro  t r a n s la t io n  (Bo th  e_t a l_ . , 1975; 1976) and the cap s t ru c tu re  
has been shown to  f a c i l i t a t e  e f f i c i e n t  b ind ing  o f  re o v iru s  mRNA's 
to  i*0S ribosom al su bun its  during  In i t ia t io n  o f  p ro te in  syn th es is  
(Bo th  e£ a l_ . , 1976). I t  would be In te re s t in g  to  see I f  ro ta v iru s  
has the same novel co n tro l mechanism as th a t o f re o v iru s  in tha t 
capped mRNA's a re  produced e a r ly  in in fe c t io n  by paren ta l v iru s  
and uncapped mRNA's a re  produced a t  la t e r  stages by the progeny 
v ir u s  (see  S e c t io n  1 .3 .h.2 ) .
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CHAPTER 4
In t ro d u c t  io n .
There  has been much recent work on the p roduction , p ro cess in g  
and topography o f ro ta v iru s  p o lyp e p tid e s , as described  in 
ch a p te r 1 .3 .5 , but a t  the commencement of th is  p ro je c t  the 
p o lyp ep tid es  were poorly  c h a ra c te r is e d . S tu d ies  had been 
hampered by the d i f f i c u l t y  o f  growing v iru s e s  in t is su e  c u l t u r e ,  
but th is  has now been s u c c e s s fu lly  ach ieved  w ith  c a l f ,  p ig  and 
human ro ta v iru s e s  (Mebus e t  a l . ,  1971; B r id g e r and Woode, 1975; 
T h ie l e t  a l_ ., 1977; Wyatt a j_ . , 1980) helped by the d is c o v e ry  
th a t  try p s in  enhanced r o t a v ir u s  in f e c t i v i t y  (Babiuk e t a i . ,  1977). 
E a r ly  s tu d ies  on ro ta v iru s  p o lyp ep tid es  ana lysed  v iru s  p u r i f ie d  
from  faeces using  PAGE and d e te c ted  the po lyp ep tid es by s ta in in g  
(M cN u lty , 1979). Confusion was caused by v a r ia t io n  in e s t im a te s  
of th e  number o f v iru s  p ro te in s  and o f t h e ir  m o lecu la r w e ig h ts  
as w e ll as by re a l v a r ia t io n  in the ex ten t o f processing  o f  the 
p o lyp ep tid es  and poor d e te c t io n  o f minor po lypep tides in s ta in e d  
g e ls .  These problems made I t  n ecessary  fo r  us to  c h a ra c te r is e  
r o ta v ir u s  po lyp ep tid es  p r io r  to  the experim ents described  in  
ch a p te rs  5, 6 and 7.
F i r s t l y ,  id e n t if ic a t io n  o f th e  prim ary gene products by in v i t r o  
t r a n s la t io n  was used to  Id e n t i f y  the unprocessed p o lyp e p tid e s , 
as w e ll as a t e s t  o f the in t e g r i t y  o f the mRNA th a t we 
tra n s c r ib e d  In v i t r o  (see c h a p te r  3 ) .  Then ro ta v iru s  p o lyp ep tid e  
s y n th e s is  In In fe c te d  c e l l s  was stud ied  by ra d io la b e ll in g  them 
w ith  high s p e c i f ic  a c t i v i t y  ^ S-m e th Io n In e , and s t ru c tu ra l
C h a r a c t e r i s a t i o n  o f  r o t a v i r u s  p o l y p e p t i d e s .
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CHAPTER U (Cont’d .)
p o lyp ep tid es  o f p u r if ie d  ro ta v iru s  p a r t ic le s  were detected  
by 1) p u r ify in g  v iru s  grown in the presence o f ^ S-m eth io n in e  
in t is s u e  c u ltu re ,  2) r a d io la b e l l in g  p u r if ie d  ro ta v iru s  
in v i t r o  w ith  o r 3) by Coomassie blue s ta in in g  of
u n la b e lle d  p o lyp ep tid es . These were compared to  the in 
v i t r o  p roduct. F in a l ly ,  g ly c o p ro te in s  were id e n t if ie d  w ith  
the a id  o f tun icam ycin , an a n t ib io t i c  which in h ib i t s  
g ly c o s y la t io n  of p ro te in s  (Schwarz ^ t  a l_ ., 1976). S ince  on 
PAGE o f pu lse la b e lle d  In fec ted  c e l l s  tre a ted  w ith  tun icam ycin  
the g lyco p o lyp ep tid e  is  absent and rep laced  by a sm a lle r , 
n on -g lycosy la ted  band, the g ly c o p ro te in s  and t h e i r  p recu rso rs  
can be id e n t if ie d .
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A . 1 I d e n t i f i c a t i o n  o f  r o t a v i r u s  p o ly p e p t id e s  s y n th e s is e d  In
in fe c te d  ce l 1s .
U n in fec te d  c e l l s  and c e l l s  In fe c te d  w ith  c a l f  ro ta v iru s  a t  
10 p . f .u . / c e l i  were p u ls e - la b e lle d  w ith  50 pCi/ml 
^"*S-methionine fo r  30 min a t  6h p . l .  P ro te in s  syn thesised  
in  both samples were compared by PAGE and au to rad iog raph y.
V iru s- In d u ced  p o lyp ep tid es  were de fin ed  as those seen In 
in fe c te d  c e i l s  but not in u n in fec te d  c e l l s ,  and these were 
presumed to  be v irus-coded  as the re  is  no evidence tha t 
ro ta v iru s e s  sw itch  on host p ro te in  s y n th e s is . Up to  Ik 
ro ta v ir u s  po lyp ep tid es  could be id e n t if ie d  in in fe c te d  c e i l s  
( f i g . 1 ) .  The nom enclature used has been devised  during work 
f o r  th is  th e s is  as the pu b lished  nom enclature systems were 
a l l  u n s u ita b le . Seve ra l re cen t rep o rts  have described  
p o lyp ep tid es  in in fe c te d  c e l l s ,  and these a re  a l l  in general 
agreement w ith  the p a tte rn  shown In f Ig . 1 . , a i though most o f 
them d id  not d e te c t as many po lyp ep tid es  (T h o u iess , 1979; 
Matsuno and Mukoyama, 1979; McCrae and Fa u lk n e r- V a ll e ,  1981; 
U rq u id i e t a i . ,  1981). L a b e ll in g  the po lyp ep tid es  VP (v iru s  
p ro te ln )1  to  VP12 In o rd er o f decreasing  m o lecu la r w eight 
fo l lo w s  the scheme o f McCrae and Fau lkner-V a l1e  (1981) fo r  
th e  same s t r a in  o f c a l f  r o ta v ir u s .  The on ly  d e v ia t io n  from 
t h i s  scheme is  th a t VP3 and VPk a re  re ve rsed . Th is is  
because these two po lyp ep tid es  a re  u s u a lly  not reso lved  and 
th e  more In tense  and f e s te r  m ig ra tin g  po lyp ep tid e  which 
form s a s t ru c tu ra l p ro te in  i t  c a l le d  VP3 by a l l  the o th er 
groups (mentioned a b o ve ). These two po lyp ep tid es a re  a ls o
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PAGE o f u n in fec ted  (Un) BSC-1 c e l l s  and 
c e l l s  In fe c te d  ( In )  w ith  c a l f  ro ta v iru s  
a t  10 p . f . u . / c e l l  and la b e lle d  w ith  [ ^ S ] -  
m eth lon ine from 6 - 6 .5h post in fe c t io n .
The po lyp ep tid es  a re  la b e lle d  on the r ig h t  
hand s id e ,  and the nomenclature Is  ex p la in ed
P o l y p e p t id e s  o f  r o t a v i r u s  In f e c t e d  c e l l s .
In the t e x t .
Un In
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P o ly p e p t id e s  o f  r o t a v i r u s  i n f e c t e d  c e l l s .
PAGE o f u n in fec ted  (Un) BSC-1 c e l l s  and 
c e l l s  in fec ted  ( In )  w ith  c a l f  ro ta v iru s  
a t  10 p . f .u . / c e l l  and la b e l le d  w ith  [ ^ S ] -  
m ethionine from 6 - 6 .5h post In fe c t io n .
The po lyp ep tid es a re  la b e l le d  on the r ig h t 
hand s id e , and the nom enclature is  exp la ined  
in the te x t .
Un In
---- k.2
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4.1 (C o n t 'd . )
seen in v i t r o  ( f i g . 7 ) .  The v iru s  p ro te in s  seen In f ig .1  
a re  c o n s is te n t ly  produced In In fe c te d  c e l l s ,  a ltho ugh  minor 
d if fe re n c e s  can be seen on exam ination  o f o th e r in fe c te d  
c e l l  samples (see  f ig s .  2 , 3, 9 and ch a p te r  5 f i g s .  5 and 7 ).  
The main sources o f v a r ia t io n  a re  1) VP3 and VP4 a re  not 
a lw ays re so lv e d , 2) VP11 is  r a r e ly  seen 3) VP12 Is  o ften  
m issing  4) VP10/VP10c a re  u s u a lly  seen as two p o lyp ep tid es  
w ith  the f a s t e r  m ig ra tin g  o f the two being more in ten se  and 
5) in some ca se s , o n ly  one o f VP7 o r VP7.1 a re  d e te c ted .
Both VP10 and VPIOc and VP7 and VP7.1 a re  r e la te d  p ro te in s  
and In both cases McCrae and Fa u lk n e r- V a lle  (1981) showed 
by pu lse-chase  a n a ly s is  the sm a lle r p o lyp e p tid e  was de rived  
from the la r g e r .  They were thus c a l le d  VP10 and VPIOc 
(c  fo r  ch ase ) and VP7 and VP7c (ou r VP7 and V P 7 .1 ) .  The 
nom enclature VP7c was not used as th e re  is  a ls o  a sm alle r 
p o lyp ep tid e  re la te d  to  V P7 .1 , namely VP7.2 (see  ch ap te r 6 , 
f i g . 8 ) .  A f t e r  p u ls e - la b e ll in g  p e rio d s  o f 15 m in , both VP10 
and VPIOc were a lw ays d e te c ta b le  (how ever, they a re  not 
reso lved  in f i g . 1 ) ,  but VP7.1 was u s u a l ly  o n ly  found a f t e r  
longer (30-60 min) p e rio ds  o f la b e l l in g .  T h is  im p lies  tha t 
the p rocessing  o f VP10 Is  much f a s t e r  than th a t  o f  VP7, 
and/or th a t  the syn th e s is  o f VP7 was f a s t e r .
M o lecu la r w eigh ts o f the p o lyp e p tid e s , e stim ated  w ith  the 
a id  o f re o v lru s  p ro te in  as markers a re  l i s t e d  in ta b le  1.
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Table 2 M o lecu la r w e igh ts of re o v iru s  p ro te in s . The
reo v i rus p ro te in s that were used fo r  comparl:
a re  11sted on the r ig h t .
P ro te in
spec ies Mo) e c u la r Reovi rus M oiecu iai
VP weight p ro te in w eIght
1 125,000 *3 135,000
2 98,000
3 82,000 Ml 80,000
A 86,000
3* 76,000
7A.000 Mlc 72,000
m2 70,000
A .2 62,000
5*
5
6 A2.000 o l A2.000
7 38,000 o 2 38,000
7.1 36,000 c3 3A.000
7.2 33,000
8 32,500
9 32,000
vpr7 31,000
10 27,000
10c 26,500 -
11 2A.500
11c 2A ,000
12 20,000
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4,1 (C o n t 'd . )
On sh o rte r exposure o f g e ls  (see  f i g s .  2 and 9) v a r ia t io n  
In In te n s ity  o f the bands in in fe c te d  c e l l  e x tra c ts  a re  
e a s i ly  seen. The most prom inent v i r u s  band is  VP6 
fo llo w ed  c lo s e ly  by VP8 (and VP12 In f l g . 1 ) ,  then VP7/7.1 .
VP2 and VP3 a re  a lw ays prom inent w h ile  VP1 , VP4, VP5, VP9 
and VP10/10c a re  weak bands (a lthough  VP10/10c is  v a r ia b le  
in in t e n s it y )  and VP4.2 and VP11 a re  b a re ly  i f  a t  a i l  
v i s i b l e .  T h is  p a tte rn  is  re p ro d u c ib le  in c e i l s  in fec ted  
w ith  c a l f  ro ta v iru s  - th e  main v a r ia t io n  is  in the q u a n t ity  
o f VPIO/IOc and VP12 (VP12 is  o fte n  absen t from in fe c te d  
c e l l s )  and In the r a t io  o f  VP7 and V P7 .1 . A q u a n t ita t iv e  
e stim ate  o f these  o b se rv a t io n s  (taken  from a d i f f e r e n t  g e l )  
is  seen in ch ap te r 5. t a b le  1. The r e s u lt s  agree  w ith  the 
observed p a tte rn  but i t  must be noted th a t  these  va lu es  
sim ply rep resen t the amount o f  m eth ion ine  inco rpora ted  
in to  each p o lyp ep tid e  a n d , as each p ro te in  v a r ie s  in 
m ethionine co n te n t, t h is  does not re p resen t the q u a n t ity  
o f each p ro te in  being produced . However, as s ta in ed  and 
m ethionine la b e lle d  v i r u s  bands have the  same general 
p a tte rn  (see  se c tio n  4 .6 ) these  o b se rva t io n s  may r e f le c t  
rea l v a r ia t io n  In the q u a n t it y  o f In d iv id u a l p ro te in s .
4 .2  K in e t ic s  o f v iru s  p ro te in  s y n th e s is  In In fe c te d  c e l l s .
The k in e t ic s  o f v ir u s  p ro te in  s y n th e s is  were estlm eted  by 
pu lse  le b e ll ln g  In fe c te d  c e l l s  fo r  15 min a t  h ou rly  
In te r v a ls .  These c e l l s  w ere o n ly  In fe c te d  w ith  5 p . f . u . / c e l l ,
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1». 2 ( Con t 1 d . )
so host c e l l  p ro te in  syn th e s is  was not com p lete ly  shut 
o f f  but the background was low enough to  c le a r ly  d e te c t 
th e  v iru s  p ro te in s  emerging ( f i g . 2 ) .  V iru s  p ro te in s  
were f i r s t  d e tected  2h a f t e r  in fe c t io n ,  and th e re  were 
no e a r ly  and la t e  stages o f s yn th e s is  - once syn th e s is  
o f any p ro te in  began, th is  p ro te in  was a c t iv e l y  syn th e ­
s is e d  u n t i l  la t e  In In fe c t io n .  Some p ro te in s  were 
syn th e s ise d  e a r l i e r  than o th e rs , so some temporal co n tro l 
tak es  p la c e . VP6 was the f i r s t  to  become v i s i b l e  and was 
e a s i l y  seen a f t e r  o n ly  2h. VP8 and VP9 were ju s t  
d is c e rn a b le  a f t e r  3h and VP1 , VP2, VP3 and VP7 by 4h a f t e r  
in f e c t io n .  The s y n th e s is  o f VP10 and i t s  chase product 
VPIO c o r VP12 were no t noted u n t i l  5h a f t e r  in f e c t io n .  The 
s y n th e s is  o f VP4 and VP5 was d i f f i c u l t  to  determ ine as 
both com igrated w ith  an u n in fe c te d  c e l l  p o lyp e p tid e . V iru s  
p ro te in s  were s t i l l  being syn th es ised  a t  11h a f t e r  In fe c t io n  
(n o t shovffi in t h is  f i g . ) .  The chase product o f VP10 but not 
o f  VP7 was v i s i b l e  a f t e r  a 15 min la b e l l in g  p e r io d , so 
c le a va g e  of VP10 appears to  be f a s t e r  then th a t  o f VP7.
S in c e  the in t e n s it y  o f in d iv id u a l p ro te in s  d i f fe r e d  (see  a ls o  
A .1 ) and the tim es o f appearance a ls o  v a r ie d ,  the r e la t i v e  
amounts o f each p ro te in  being syn thes ised  was e v id e n t ly  under 
t r a n s la t io n a l and/or t r a n s c r ip t io n a l c o n tro l, a 1 though 
d if fe ra n c e s  in m eth ion ine  content cou ld  account fo r  some of 
t h i s .  D i f f e r e n t ia l  t r a n s c r ip t io n  in v i t r o  has been reported
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F ig .2
Time course  o f ro ta v iru s  po lypep tide  s y n th e s is  
In in fe c te d  ce l 1s .
PAGE o f u n in fe c te d  (U) c e i l s  and c e i l s  la b e l le d  
a t  1( 2, 3,  t*, 5, 6 , 7, 8 .5  and tOh post in f e c t io n .  
Numbers on the r ig h t  r e fe r  to  ro ta v iru s  p o lyp e p tid e s , 
(a ) on the l e f t  re fe r s  to a c t ln .
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Time course o f ro ta v iru s  p o lyp ep tid e  syn th es is  
in in fec ted  cel 1s .
PAGE of un in fected  (U) c e l l s  and c e l t s  la b e lle d  
a t  1, 2, 3> A, 5, 6 , 7, 8 .5  and lOh post in fe c t io n . 
Numbers on the r ig h t r e fe r  to  ro ta v iru s  p o lyp ep tid es , 
(a ) on the le f t  re fe rs  to a c t in .
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A .2 (C o n t 'd . )
by B e rn s te in  and Hruska (1981) who found r e la t i v e l y  le ss  
t r a n s c r ip t io n  of genome segments 1, 2 , 3 and 5 (e s p e c ia l ly  
segment 1 ) ,  so I f  the same s itu a t io n  occurs in v i y  o . th is  
cou ld  account fo r  d if fe re n c e s  In q u a n t it ie s  o f p ro te in  
syn th e s ise d . From a n a ly s is  o f r e la t i v e  amounts o f 
^ S-m e th lo n In e  c .p .m . In each band (ch ap te r 5. t a b le  1, 
and see *4.1), not a l l  the v a r ia t io n  in p ro te in  s y n th e s is  
cou ld  be accounted fo r  by the r e la t i v e ly  sim ple t r a n s ­
c r ip t io n a l  co n tro l d esc r ib ed  so th e re  is  p robab ly a ls o  
some t r a n s la t io n a l c o n t r o l .
**.3 Id e n t i f ic a t io n  o f ro ta v ir u s  g ly co p ro te in s  and t h e i r
p recu rso rs  by tun icam ycin  treatm ent o f In fe c te d  c e l l s .
Tunlcam ycln in h ib i t s  g ly c o s y la t io n  by b lock ing  the t r a n s fe r  
o f ca rbo hyd ra te  c h a in s , which have been assembled on c a r r i e r  
l i p id s ,  to  the p ro te in  a c ce p to r . The a c t io n  is  e f fe c te d  as 
tun icam ycin  is  a l ip o p h i l i c  analogue o f the normal o l ig o ­
sacch a rid e  donor UDP-N-acetyl-glucosam lne (Schwarz and 
Datema, 1980). In t h is  experim ent, the g ly c o p ro te in s  were 
id e n t if ie d  by comparison o f In fe c te d  c e l l s  w ith  those  In 
which g ly c o s y la t io n  was In h ib ite d  by 5 ug/ml tun icam ycin  
throughout the In fe c t io n  and r a d lo la b e !1Ing p e r io d .
F i g . 3 shows th a t the ro ta v ir u s  p ro te in s  VP7, VP7 .1 , VP10 
and VPIOc were absent from c e l l s  tre a te d  w ith  tun icam ycin  
and in the same c e l l s  th e re  was a concom itant In c re a se  In 
VP12 and th e re  wes e l so a new p ro te in  m ig ra ting  Ju s t  below
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F i g . 3 Id e n t i f ic a t io n  o f ro ta v ir u s  g ly c o p ro te in s .
BSC-1 c e l l s  in fe c te d  w ith  10 p . f .u . / c e l l  
c a l f  ro ta v iru s  ( In )  in the absence (-T ) or 
presence (+T) o f 5 ug/ml tun icam ycin  
(which in h ib i t s  g ly c o s y la t io n )  were la b e lle d  
w ith  35S-m ethionine a t  6-7h p . l .  Un In fe c ted  (Un) 
c e l l s  were m a in ta in ed  in the absence (-T ) or 
presence (+T) o f tun icam ycin  and r a d io ia b e l1ed 
a t  the same tim e.
Un In
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/F ig .3 Id e n t i f ic a t io n  o f ro ta v ir u s  g ly c o p ro te in s .
BSC-1 c e l l s  in fe c te d  w ith  10 p . f . u . / c e l l  
c a l f  ro ta v iru s  ( In )  in the absence (-T ) or 
presence (+T) o f 5 ug/ml tun icam ycin  
(which in h ib i t s  g ly c o s y la t io n )  were la b e lle d  
w ith  ^5S-m ethionine a t  6-7h p . l .  Un in fe c te d  (Un) 
c e l l s  were m ain ta ined  in the absence (-T ) or 
presence (+T) o f tun icam ycin  and r a d io la b e l1ed 
a t the same tim e.
Un In
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VP9 ( la b e l le d  vpr7 by McCrae and Fa u lk n e r- V a l1e , 1981). 
vp r7  and VP12 were not seen In u n in fec ted  c e l l s  tre a ted  
w ith  tu n icam yc in , so they a re  Id e n t i f ie d  as p recu rso rs  
o f the  g ly c o p ro te in s  VP7, V P7 .1 , VP10 and VP lO c. The 
in d iv id u a l p recu rso rs  o f each g ly c o p ro te in  a re  d is t in g u ish e d  
in ch a p te r  6 . These r e s u lt s  co n firm  the work o f McCrae and 
Faul kner-Va 11e (1981) and A r ia s  e£  al_. (1982).
* . *  Id e n t i f ic a t io n  of prim ary gene products by In v i t r o  
t r a n s la t io n  o f ro ta v iru s  RNA.
* .* .1  O p tim isa tio n  o f t r a n s la t io n  re a c t io n  co n d it io n s
The p roducts o f ro ta v iru s  t r a n s c r ip t io n  in v i t r o  were 
t r a n s la te d  in ra b b it  r e t ic u lo c y t e  ly s a te s  to  prove that 
th ese  p roducts were mRNA (s e e  ch a p te r  3 ) .  and in o rd er to  
compare the ro ta v iru s  p rim ary  gene products w ith  v iru s  
p o lyp ep tid es  syn th es ised  in  in fe c te d  c e l l s  and those found 
in v i r u s  p a r t i c le s .  The com parison would g iv e  an In d ic a t io n  
o f th e  ex ten t o f p rocess ing  o f  the  prim ary gene products 
th a t  takes p la ce  In v iv o  to  produce fu n c t io n a l v iru s  
p a r t i c l e s .  R eo v lru s  mRNA was t ra n s la te d  under the same 
c o n d it io n s  as a p o s it iv e  c o n t r o l .  The re a c t io n  was m onitored 
by in co rp o ra t io n  o f ^^S-m ethionIne In to  TCA p r é c ip ita b le  
p ro d u c ts , which was found to  be 10-20 tim es h ig h e r in ly s a te s  
w ith  added v ir u s  mRNA than In  co n tro l ly s a te s  (te e  f ig s ,  * ,  5 
and 6 ) .  Our ro ta v iru s  mRNA was as e f f e c t i v e  a t  re o v lru t  mRNA
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a t  s t im u la t in g  t r a n s la t io n  ( f ig . k a ) .  The i n i t i a l  ra te  
o f t r a n s la t io n  was dependent on the co n cen tra tio n  of 
mRNA and on the t r a n s la t io n  m ix. In c reas in g  the mRNA 
co n ce n tra t io n  from O-kO pg/ml led  to  a g re a te r  i n i t i a l  
ra te  o f  t r a n s la t io n  but th e re  was no in c rease  from 
1*0-80 ug/ml RNA ( f i g . 5 ) .  When a f r e s h ly  made and an 
o ld e r  t r a n s la t io n  m ix tu re  ( i . e .  co n ta in in g  amino a c id s  
and an energy source w hich had been frozen  a t  -20°C) 
were compared, the fre s h  mix a llow ed  a h ig h e r i n i t i a l  
ra te  o f  t r a n s la t io n  but the f in a l  le v e l o f In co rp o ra t io n  
d id  no t v a ry  ( f  ig .A b ), ind ic a t  ing th a t p rovided  enough 
tim e fo r  the re a c t io n  was a llo w e d , i t  was sa fe  to  use 
frozen  stocks o f amino a c id s  and energy so u rce . 
In co rp o ra t io n  o f ^ S- m e th io n in e  was seen to  occur a t  a 
1 in e a r  ra te  fo r  20-30 min and then d e c lin e .
C o n d itio n s  fo r  the t r a n s la t io n  o f ro ta v iru s  mRNA were 
op tim ised  as shown in f i g . 6 . C o n cen tra tio n s o f KC1 and 
Mg** s t ro n g ly  In flu en ce d  the in co rp o ra tio n  o f 
^®S-m ethionIne and were op tim al a t  125 mM and 2.25 mM 
r e s p e c t iv e ly .  These f ig u r e s  in c lu de  the  base le v e ls  of 
35 mM KC1 and 1.25 mM Mg** a lre a d y  presen t In the ly s a te .  
As m entioned above, a co n ce n tra t io n  o f 50 ug/ml Input RNA 
was found to  be s a tu ra t in g  - any fu r th e r  RNA d id  not 
In c rease  the amount o f p o lyp ep tid e  syn th e s ise d .
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In co rp o ra t io n  o f ^S-m eth lon  in e  in to  
a c id  in so lu b le  p roducts .
Rotav i rus mRNA (—A —) and reo v  I rus mRNA 
(—# —) were incubated in the ra b b it  
r e t ic u lo c y te  ly s a te  as d esc r ib e d  in 
M a te r ia ls  and Methods. C on tro l ly sa te s  
(- O —) had no added mRNA. Samples were 
taken a t  in t e r v a ls  and counted fo r  
TCA-in so lu b le  r a d io a c t iv i t y .
R o ta v iru s  mRNA was incubated in ly s a te  
c o n ta in in g  a fre sh  (—■ —) and frozen 
(— ) stock o f amino a c id s  and energy 
so u rce . Contro l ly s a te  ( - O —) conta ined
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Time course of _[n_ v  i t ro  t r a n s la t io n  co n ta in in g  
d i f f e r e n t  c o n c e n tra t io n s  o f mRNA. Rabb it 
r e t ic u lo c y te  ly s a te s  were incubated w ith  no 
( - o - ) , 20 ug/ml (—♦ —) ,  30 ug/ml ( - A - ) ,
U0 ug/ml (—0 —) and 80 ug/ml (—■ —) mRNA. 
Samples o f each w ere  taken a t  in t e r v a ls  and 
counted fo r  TC A - inso lub le  r a d io a c t iv i t y .
O ptim isa tio n  of the in v i t r o  t r a n s la t io n  
re a c t io n .
a )  R o ta v iru s  mRNA was incubated in ly s a te  
co n ta in in g  the c o n cen tra tio n s  o f  KCt in d ic a te d  
fo r  60 m in, and samples were then counted fo r  
TCA-lnso lub le  r a d io a c t iv i t y .
b ) mRNA was incubated in ly s a te  w ith  the 
c o n cen tra tio n s  o f M g-acetate shown fo r  60 min 
be fo re  samples were counted.
c )  The q u a n t it ie s  o f RNA in d ica te d  were incubated 
in the ly s a te  fo r  60 m in , and samples were
counted.
o
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- 19* -
[K
C1
]m
M
 
[M
g+
+]
mM
 
l^
A
] 
Mg
/m
> 
•
4 .4 .2  Id e n t i f ic a t io n  o f r o ta v ir u s  prim ary gene p ro d u c ts .
The products o f in v i t  ro t ra n s la t io n  o f ro ta v iru s  mRNA 
and re o v iru s  mRNA were compared by PAGE a n a ly s is  o f the 
ly s a te s  ( f i g . 7 ) .  The w e ll ch a ra c te r is e d  re o v iru s  
t r a n s la t io n  products (McDowell et  ^ a j_ ., 1972; Both e t  a l . ,  
1975) were used as s tan d a rd s . In our t r a n s la t io n  system , 
co n tro l ly s a te s  ( i . e .  w ith  no added mRNA) showed no 
background p ro te in  s y n th e s is ,  and the t r a n s la t io n  o f  both 
ro ta v iru s  and re o v iru s  mRNA's produced severa l d i s c r e t e  
and id e n t i f ia b le  p ro te in  bands. The p a tte rn  seen In 
re o v iru s  t r a n s la t io n  p roducts was as described  by Both 
£ t  al_. (1975 ), w ith  th e  p ro te in s  grouped In to  th re e  s iz e  
c la s s e s .  R o ta v iru s  t r a n s la t io n  products were g e n e r a l ly  
sm a lle r and d id  not f a l l  In to  the same d is c re te  groups 
as re o v iru s  p o ly p e p t id e s . T h is  r e s u lt  is  c o n s is te n t  w ith  
the MW's o f re o v iru s  and ro ta v iru s  genomic RNA's - 
ro ta v iru s  RNA sp ec ies  a re  g e n e ra lly  sm a lle r than th o se  of 
re o v iru s  and do not f a l l  In to  d is c re te  s iz e  c la s s e s  
(Sec tio n  1 . 3 . 4 . 1 , f I g . 7 ) .Twelve ro ta v iru s  p o lyp ep tid es  were 
Id e n t i f ie d  a lthough th e re  a re  o n ly  11 sp ec ies  o f RNA 
(Rodger e£ a l_ . , 1975; Kal lea et_ a1_., 1978). We con c lu d e  
th a t one mRNA produces two p o lyp ep tid es , e ith e r  a s  a 
r e s u lt  o f premature te rm in a tio n  o r from a second read ing  
fram e. A l i s t  o f r o ta v ir u s  po lyp ep tid es and t h e i r  
estim ated  MW's Is  g iv e n  In ta b le  1, togeth er w ith  those  
o f re o v iru s  p o ly p e p t id e s . Reovirus po lyp ep tid es o f  X 
and m s iz e  c la s s e s  w ere  used as MW markers fo r  the  h ig h e r
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R o ta v iru s  p o lyp ep tid es  seen a f t e r  in v i t r o  
t r a n s la t io n .
The products o f ro ta v ir u s  in v i t r o  tra n s ­
la t io n  (T ) a re  compared to  re o v iru s  in 
v i t r o  t r a n s la t io n  p roducts (RT) and c e l l s  
in fe c te d  w ith  c a l f  ro ta v ir u s  a t  10 p . f .u ./  
c e l l  ( I n ) .  The u n in fec te d  c e l l  p a tte rn  is  
shown in Un and the products o f the  in 
v i t r o  t r a n s la t io n  re a c t io n  w ith o u t added 
mRNA is  shown in CT. 6b is  a longer 
exposure o f the gel shown in 6a to  show 
high m o lecu la r w eight t r a n s la t io n  products 
(a rro w ed ). X and Y a re  a ls o  arrow ed. The 
v ir u s  p ro te in s  a re  la b e l le d  on the l e f t  hand 
s id e  o f 6a and 6b.
R o tav iru s  p o lyp ep tid es  seen a f t e r  in v i t  ro 
t r a n s la t io n .
The products of ro ta v iru s  In v i t r o  tra n s ­
la t io n  (T ) a re  compared to re o v iru s  in 
v i t r o  t ra n s la t io n  products (RT) and c e l l s  
in fec ted  w ith  c a l f  ro ta v iru s  a t  10 p . f .u . /  
c e l l  ( I n ) .  The u n in fec ted  c e i l  p a tte rn  is  
shown in Un and the products o f the in 
v i t r o  t ra n s la t io n  re a c tio n  w ith o u t added 
mRNA is  shown in CT. 6b is  a longer 
exposure of the ge l shown in 6a to  show 
high m olecu lar w eight t r a n s la t io n  products 
(a rro w ed ). X and Y a re  a ls o  arrow ed. The 
v iru s  p ro te in s  a re  la b e lle d  on the l e f t  hand 
s ide  o f 6a and 6b.
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MW ro ta v iru s  p o lyp e p tid e s . However, th e re  a re  
d is c re p a n c ie s  between repo rted  MW's o f re o v iru s  a 
p ro te in s  (Bo th  e t  a l_ . , 1975) and the reported  MW's 
o f the sm a lle r  ro ta v ir u s  p o lyp ep tid es  (T h o u le ss , 1979). 
Mason et_ aj_. (1980) have a ls o  seen a s im ila r  p a tte rn  of 
p o lyp ep tid es  a f t e r  In v i t r o  t r a n s la t io n  o f the sim ian 
ro ta v iru s  SA-11, but they  found one e x tra  band m ig ra ting  
ahead o f  V P w h i c h  was an aggregate  o f a sm a lle r  
p o lyp ep tid e .
The ro ta v iru s  t r a n s la t io n  products were a ls o  compared to 
the p ro te in s  o f  In fe c te d  c e l l s .  Ten o f the tw e lve  
p o lyp ep tid es  seen a f t e r  in v i t r o  t r a n s la t io n  com igrated 
w ith  ro ta v iru s  p ro te in s  seen in in fe c te d  c e l l s  - these 
were VP1 , VP2 , VP3, VPA, VP5 , VP6, VP8, VP9, VP11 and 
VP12. In fe c te d  c e l l  p o lyp ep tid es  VP7, V P7 .1 , VP10 and 
VPIOc were not seen in v i t r o , presumably because they 
a re  g ly c o s y la te d , and two po lyp ep tid es  (x ,  y )  were seen 
in v i t r o  but not in in fe c te d  c e l l s .  One o f these  (x ) 
is  probab ly Id e n t ic a l to  vpr7 found in tun icam ycIn-  
tre a te d  in fe c te d  c e l l s .  vpr7 and VP12 a re  p recu rso rs  
o f the g ly c o p ro te in s  VP7 , VP7 .1 , VP10 and VPIOc 
(s e c t io n  <».3) and a re  p rim ary  gene p ro d u c ts . Po lyp ep tid e  
( y ) ,  which is  o n ly  seen In v i t r o , is  thus the e x tra  
prim ary gene product produced from one o f the mRNA sp ec ie s .
-  201
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Because ra b b it  r e t ic u lo c y te  ly s a te s  a re  reported  to  a llo w  
some p o s t- t ra n s la t io n a l m o d ific a t io n  due to  p ro teases 
p resen t In the system  (S h a tk ln , 1977), our mRNA was a lso  
a ls o  t r a n s la te d  In  a wheatgerm tra n s la t io n  system as i t  
Is  sa id  to  have l i t t l e  o r  no p r o te o ly t ic  a c t i v i t y  ( f i g . 8 ) .  
The same p ro te in s  were syn th es ised  in both system s, 
con firm ing  th a t these  were prim ary gene p roducts . However 
the wheatgerm system is  seen to  be le s s  e f f i c i e n t  in 
t r a n s la t io n  o f h igh  m o lecu la r w eight mRNA's.
k.5  Comparison o f  ro ta v ir u s  p o lyp ep tid es  seen in v i t r o  and 
in v iv o  by p ep tid e  mapping.
S in g le  dim ension p ep tid e  mapping was used to  compare 
p ro te in s  from in fe c te d  c e l l s  and In v i t r o  t r a n s la t io n  
in o rd e r to  v e r i f y  the  a u th e n t ic it y  o f the t r a n s la t io n  
p ro d u c ts . The p e p tid e  mapping procedure re q u ire s  th a t 
th e re  Is  both an equal q u a n t ity  and an equal r a d io a c t iv e  
in t e n s it y  o f the p ro te in s  to  be compared, as a standard 
q u a n t ity  o f p ro tease  is  used and th is  w i l l  not d ig e s t 
unequal q u a n t it ie s  o f  p ro te in  to  the same e x te n t . In 
th is  c a se , i t  was Im possib le  to  use equal q u a n t it ie s  of 
po lyp ep tid e  as they a re  d e rive d  from d i f f e r e n t  sources 
and d i f f e r  In  the s p e c i f ic  a c t i v i t y  o f Inco rporated  
r a d io la b e l .  We th e re fo re  se t up two separata  d ig e s t io n  
re a c t io n s  fo r  each p ro te in  - using  100 pg/ml and 10 pg/ml 
S taphy lococcus au reus V8 p ro tease  - and the pep tides from
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F ig .8 Comparison o f the products o f in v i t r o  
t r a n s la t io n  o f  ro ta v iru s  mRNA in the 
wheatgerm and ra b b it  r e t ic u lo c y te  ly s a te  
system s. A sample o f the wheatgerm 
system (W/G) and the ra b b it  r e t ic u lo c y te  
ly s a te  (RR) were taken a f t e r  Jn^ v i t r o  
t r a n s la t io n  (T ) and compared to  in fe c te d  
c e l l s  ( I n ) .  The ro tav iru s- in d u ced  
po lyp ep tid es  a re  la b e lle d  on the r ig h t
hand s ide
Comparison o f  the  p ro d u c ts  o f  in v i t r o
t ra n s la t io n  o f  ro ta v iru s  mRNA in the 
wheatgerm and ra b b it  r e t ic u lo c y te  ly s a te  
system s. A sample o f the wheatgerm 
system (W/G) and the ra b b it  r e t ic u lo c y te  
ly s a te  (RR) were taken a f t e r  j_n v i t r o  
t ra n s la t io n  (T ) and compared to  in fe c te d  
c e l l s  ( I n ) .  The ro ta v 1rus-induced 
po lyp ep tid es a re  la b e lle d  on the r ig h t
hand side
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both re a c t io n s  were an a lysed  by PAGE in each case  to 
compare the d ig e s t io n  p a tte rn s  o f any two p ro te in s .
Much more m a te ria ) from  in v i t r o  t r a n s la t io n  was needed 
than from in fe c te d  c e i l s  to  o b ta in  the  10e c .p .m . needed 
fo r  the pep tide  m apping, so the po lyp ep tid es  from in 
v i t r o  t r a n s la t io n  had to  be immune p r e c ip ita te d  (as 
described  In ch ap te r 5 ) ,  to  avo id  o ve r lo ad in g  o f  g e ls  
when the t r a n s la t io n  p roducts were separated  by PAGE.
The pep tides o f VP1 and VPA d id  not co n ta in  enough 
r a d io a c t iv i t y  fo r  com parisons to  be made, but a l l  o th e rs  
from the two sources th a t  com igrated were mapped. The 
pep tide  p r o f i le s  from  VP2, VP3, VP5, VP6, VP8 , VP9 and 
VP12 revea led  strong s im i l a r i t i e s  ( f i g . 9 ) ,  con firm in g  
th a t the products o f in  v i t r o  t r a n s la t io n  a re  Indeed 
a u th e n t ic  v i r a l  p o ly p e p t id e s . However, p r o f i le s  o f 
VP2 and VP5 d i f f e r  by one o r  more p e p tid e s . T h is  
d if fe re n c e  in p ep tid e  p r o f i l e  cou ld  be due to :
(1 ) v a r ia t io n  In the e x ten t o f d ig e s t io n  o f the two 
p o lyp ep tid es  (2 ) a r e s u lt  from the passag ing  o f  the 
t is s u e  c u ltu re  adapted s t r a in  17 tim es In LLCMK-2 c e l l s  
end 5 tim es in BSC-1 c e l l s  a f t e r  the v ir u s  which was 
p u r if ie d  from the fa e c e s  o f an In fe c te d  c a l f  and used 
fo r  In v l t r o  t r a n s c r ip t io n  o f our ro ta v iru s  mRNA 
(3 ) some minor co n tam in a tio n  which has occurred  In the 
cases o f VP2 and VP9 w ith  a d ja cen t p o lyp e p tid e s .
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Pep t id e  maps o f  ro ta v i r u s  p ro te in s .
P ro te in s  produced by in v i t r o  t r a n s ­
la t io n  (P ) and in in fe c te d  c e l l s  ( In )  
were ex cised  from p o lyacry lam id e  g e ls  
and d igested  w ith  10 o r 100 ug/ml
S .au reu s  V8 p ro tease  as described  In 
m a te r ia ls  and methods. The und igested 
p ro te in s  and pep tide  p r o f i le s  o f 
a )  VP2 , b) V P J , c ) VP5, d) VP6, e ) VP8, 
f )  VP9 and g ) VP12 from the two samples
a re  shown.
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F i g . 9 Pep tid e  maps o f ro ta v iru s  p ro te in s .
P ro te in s  produced hy in v i t r o  t r a n s ­
la t io n  (P ) and in in fec ted  c e l l s  ( I n )  
were excised  from p o lyacry lam id e  g e ls  
and d igested  w ith  10 or 100 ug/ml 
S .au reus V8 p ro tease  as described  in 
m a te r ia ls  and methods. The und igested  
p ro te in s  and peptide  p r o f i le s  o f 
a ) VP2, b) VP3. c ) VP5, d) VP6 , e ) VP8, 
f )  VP9 and g) VP12 from the two samples
a re  shown.
In p
I------I |— —— I
In P 10 100 100 10
(a ) VP2
In P
J —--------- 1
In P 10 100 100 10
» • I I I (
(c )  VP5
In P 
I------11------ 1
In P 10 100100 10
I l  I I I I
(d ) VP6
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In P In P
(e )  VP8 ( f )  VP9
(g ) VP12
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A . 5 ( C o n t ' d . )
(However, i f  contam inants w ere  being de tected  one would 
expect to  see seve ra l v a r ia n t  bands ra th e r  than ju s t  one) 
o r (A ) the f a c t  th a t  th e re  a r e  a t  le a s t  two d i f f e r e n t  
ro ta v iru s  po lyp ep tid es w h ich  com igrate  w ith  VP5. T h e re fo re , 
the pep tide  maps have led us to conclude  th a t a l l  the 
p o lyp ep tid es  produced In v 11 ro which com ig ra te  w ith  
ro ta v iru s  p ro te in s  In in fe c te d  c e l l s  a re  a u th e n t ic  ro ta v iru s  
p o lyp ep tid es .
1».6 Id e n t i f ic a t io n  o f ro ta v ir u s  s t ru c tu ra l p o lyp e p tid e s .
The s t ru c tu ra l p o lyp ep tid es  o f p u r if ie d  v iru s  p a r t ic le s
were id e n t if ie d  by PAGE and p o lyp ep tid es  p resen t in the
inner and o u te r s h e l ls  w ere d is t in g u ish e d  by a n a ly s is  of
double sh e lle d  p a r t ic le s  and s in g le  s h e lle d  p a r t i c le s .
The s t ru c tu ra l p o lyp ep tid es  were ra d io la b e l le d  by growing
v ir u s  In the  presence o f ^ S - m e th lo n ln e , o r w ere  la b e lle d  
125In v i t r o  w ith  I using th e  ch lo ram ine T method o f 
Syvanen e t a i . (1973)* F i g . 10 compares the p o lyp ep tid es  
o f ^ S-m e th lo n ln e  p u ls e - la b e lle d  in fe c te d  c e l l s  w ith  those 
o f ^ S-m e th lo n in e  la b e l le d  p u r if ie d  v i r u s .  In  the in fec ted  
c e l l  e x t r a c ts ,  a l l  the p re v io u s ly  d esc r ib ed  po lyp ep tid es  
m ig ra ting  between VP1 and VP IO c a re  p re s e n t , but in th is  
case  VP11 and VP12 were n o t seen. Th ree  p o lyp ep tid es  o f 
^ S-m e th lo n ln e  la b e l le d  v i r i o n s  o b v io u s ly  com ig ra te  w ith  
p o lyp ep tid es  In In fe c te d  c e l l s  - l . e .  VP1 , VP2 and VP6.
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F 1g.10 R o t a v i r u s  s t r u c t u r a l  p o l y p e p t i d e s .
a )  S in g le  sh e lle d  (S s )  and double sh e lled  (Os) 
ro ta v iru s  p a r t ic le s  grown In the presence of 
^ S-m eth Io n in e  were compared to  c e l l s  In fe c te d  
( In )  w ith  ro ta v ir u s  a t  10 p . f .u . / c e l l  and 
la b e lle d  w ith  ^ S-m e th lo n in e  6 to  6.5h pi and 
u n in fec ted  c e l l s  (Un) la b e lle d  a t  the same t im e . 
Numbering o f the l e f t  re fe rs  to  ro ta v iru s  
po lyp ep tid es in in fe c te d  c e l l s  and those on the  
r ig h t  (c e n tre p ie c e ) to  s t ru c tu ra l p o lyp ep tid es . 
Note VP7 and VP8 o f in fe c te d  c e l l s  (arrowed) do 
not com igrate w ith  VP7.1 and VP7.2 o f v iru s  
p a r t ic le s .
b ) ,25I  Ss and Ds p a r t ic le s  a re  compared to  
^ S-m eth Io n in e  la b e l le d  ds p a r t ic le s  and to 
in fe c te d  c e l l s .  V iru s  po lyp ep tid es a re  la b e l le d  
on l e f t  (c e n t r e p ie c e ) .
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F i g ■10 R o ta v i r u s  s t r u c t u r a l  p o l y p e p t i d e s .
a )  S in g le  sh e lled  (S s ) and double sh e lle d  (Ds) 
ro ta v iru s  p a r t ic le s  grown in the presence of 
^S-m eth ion ine  were compared to c e l l s  in fec ted  
( In )  w ith  ro ta v iru s  a t  10 p . f . u . / c e l l  and 
la b e lle d  w ith  ^ S-m e th io n in e  6 to 6.5h pi and 
un in fected  c e l l s  (Un) la b e l le d  a t  the same tim e. 
Numbering o f the l e f t  r e fe r s  to  ro ta v iru s  
po lypep tides in in fec ted  c e l l s  and those on the 
r ig h t (c en trep ie ce ) to  s t r u c tu r a l  p o lyp ep tid es . 
Note VP7 and VP8 of in fe c te d  c e l l s  (arrowed) do 
not com igrate w ith  VP7.1 and VP7.2 o f v iru s  
part ic l e s .
b) ,25lS s  and Os p a r t ic le s  a re  compared to 
^S-m eth ion Ine  la b e lle d  ds p a r t ic le s  and to 
In fected  c e l l s .  V iru s  p o lyp ep tid es  a re  la b e lle d  
on l e f t  (c e n tre p ie c e ).
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4.6 (Cont'd.)
These th re e  p ro te in s  a re  a ls o  the  major po lyp ep tid es  of 
the ^ S- m e th io n in e  s in g le  s h e lle d  p a r t i c le .  S in g le  sh e lled  
p a r t ic le s  a ls o  co n ta in  minor p ro te in s  which do not com igrate 
w ith  any p ro te in  In in fe c te d  c e l l s .  These a re  VP3*,4* and 
VP5* and a re  d iscussed  below . Double sh e lle d  p a r t ic le s  
co n ta in  se ve ra l e x tra  p o lyp ep tid es  compared to  s in g le  sh e lled  
p a r t ic le s  which a re  designated  o u te r  sh e ll p o lyp ep tid es . Many 
o f these do not com ig rate  w ith  po lyp ep tid es  seen in in fec ted  
c e l l s  and a re  thus thought to be the re s u lt  o f  fu r th e r  post- 
t r a n s la t io n a l  m o d if ic a t io n . The o u te r s h e ll p ro te in s  a re  
VP4 .2 , V P7 .1 , VP7 .2 , VPlOc and VP4 .3 . The m ajor ou te r sh e ll 
p ro te in  is  VP7 .1 , which m ig ra tes ju s t  below VP7 o f In fe c ted  
c e l l s  and com ig rates w ith  i t s  n a tu ra l c le a va g e  product VP7 .1 , 
sometimes found in in fe c te d  c e l l s  (s e c t io n  4 .1 ) .  VP7 .2 ,
m ig ra tin g  j u s t  f a s t e r  than V P7 .1 , has been shown by pep tide  
mapping to  be a c lo s e  r e la t io n  o f  VP7.1 w ith  a s in g le  peptide  
le s t  (E s p e jo  e t  a j_ . , 1981). VP7.1 was c a l le d  VP7c by McCrae
and Fau lkner-V a l le  (1981) and VP7 by Espe jo  e£  al_. (1981) 
and Estes  e£  a K  (1981 ). VP7.2 was c a l le d  VP7a by Espejo
,et a1_. (1981) and Es tes  e t  aj_. (1981) and VP8 by McCrae and 
F a u lk n e r- V a lle  (1 9 8 1 ), because I t  appeared to  m igrate  w ith  
VP8 o f In fe c te d  c e l l s .  However, on c lo se  exam ination I t  
can be seen th a t ,  w h ile  VP7.2 m ig ra tes c lo s e  to  VP8, I t  
does not com ig ra te  w ith  I t  and so VP8 is  now designated 
n o n - s t ru c tu ra l. VPlOc Is  a m inor ou te r s h e ll p ro te in  
m ig ra tin g  below VP7.2 and is  e n a tu ra l c la a vag e  product
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<*.6 ( C o n t 'd . )
o f VP10. Both VP10 and VPIOc a re  seen in in fe c te d  c e l l s .  
VPIOc in v iru s  p a r t ic le s  is  no rm ally  ju s t  termed VP10. 
P o lyp e p tid e  V PA .2 , which m ig ra tes between VP3 and VP5 of 
in fe c te d  c e l l s ,  is  o n ly  seen in v iru s  which has been in 
the presence o f t r y p s in  and i t  has been shown to  be a 
t r y p s in  c leavag e  product o f VP3 by Es tes  e_t aj_. (1981 ). 
VPA.3 is  a second c leavag e  product o f VP3 but we n eve r see 
as much o f i t  as o f VPA .2 , and we conclude th a t i t  is  
fu r th e r  degraded by re s id u a l chym otrypsin  in  our t ry p s in  
p re p a ra t io n , as E s te s  e t  al_. (1981) showed th a t  VPA.3 is  
degraded by chym otrypsin  trea tm en t. The th re e  m inor 
p ro te in s  VP3*,A* and VP5*, seen in both s in g le  sh e lle d  
and double s h e lle d  p a r t ic le s  a re  a ls o  a r e s u lt  o f  p ro teo ­
l y t i c  c le a va g e . They a re  t ry p s in  c le a vag e  p roducts o f 
VP2 and a re  thus u n re la te d  to  VP3, VPA o r VP5 , a lthough 
they m ig ra te  v e ry  c lo s e  to  them (E s te s  ¿ t  a j_ . , 1981).
F ig .  10 a ls o  shows ra d io la b e ) le d  p ro te in s  o f  io d in a ted  
( ¡- la b e l le d )  v i r u s  in which o n ly  p o lyp e p tid e s  exposed 
on the  v iru s  s u rfa c e  should have been la b e l le d .  Both 
double sh e lle d  and s in g le  sh e lle d  p a r t ic le s  were examined. 
In both cases a l l  the v ir u s  po lyp ep tid es  id e n t i f ie d  in 
^ S-m e th io n ln e  la b e l le d  v ir u s  became la b e l le d  w ith  12® I ,  
suggesting  th a t none were hidden from the v ir u s  s u rfa c e . 
T h is  unexpected r e s u lt  was a ls o  reportad  by Novo and 
Esparza (1981) and R. Saundars (personal com m unication ).
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4 .6  ( C o n t 'd . )
Use o f the la c to p e ro x id a se  method fo r  I- la b e l l in g ,  
which is  repo rted  to  be m ild e r , gave the same r e s u lt .
Some o f the m inor o u te r sh e ll p ro te in s  such as VP7.2 and 
VP10 were more s t ro n g ly  la b e lle d  by io d ln a t io n  than by 
^ S-m eth lo n in e  la b e l l in g  (see  a ls o  f i g .  6 .1 ) ,  so th is  
method was u se fu l fo r  lo c a t in g  minor p o lyp e p tid e s , as 
they a re  used in ch ap te r 6 . I- la b e l le d  double sh e lle d
p a r t ic le s  did n o t o n ly  co n ta in  ra d io la b e l 1ed o u te r s h e ll 
p ro te in s , but a ls o  inner sh e ll p ro te in s ,  suggesting  th a t 
e ith e r  the in n er s h e ll p ro te in s  a re  not co m p le te ly  masked 
by the o u te r s h e l l  o r  th a t ,  as su spected , our p rep a ra tio n  
a ls o  conta ined  some s in g le  sh e lle d  p a r t i c le s .
R o ta v iru s  p o lyp ep tid es  have a ls o  been observed  by s ta in in g  
p ro te in  in g e ls  w ith  Coomassie b r i l l i a n t  b lu e  ( f i g . 11 ).
Again the same p o lyp e p tid e s  were id e n t i f ie d  and th e ir  
r e la t i v e  in t e n s i t i e s  appeared to  be com parable to p ro te in s  
observed In ^ S - m e th lo n in e  la b e l le d  v i r u s ,  except th a t VP7.1 
and VP7.2 have a p p a re n t ly  lower In te n s it y  in the s ta in ed  
p rep a ra tio n s . Two po lyp ep tid es  a re  seen in the s ta in ed  
p rep a ra tio n  w h ich  a re  never de tected  in ^ S -m e th Io n In e  la b e l le d  
v ir u s :-  X m ig ra te s  abova VP4.2 and Y m ig ra tes  below VP7 .1 . 
These a re  thought to be contam inating  p ro te in s  a ss o c ia te d  w ith  
v iru s  p a r t id a s .
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S tru c tu ra l p ro te in s  o f c a l f  ro ta v iru s  
v is u a l is e d  by Coomassie b lue  s ta in in g .
The p ro te in s  o f s in g le  sh e lle d  (S s ) 
and double s h e lle d  (Os) p a r t ic le s  were 
separated  by PAGE and s ta in ed  w ith  Coomassie 
b r i l l i a n t  b lu e . Two photographs are  shown 
in f i g . 11 as a ) shows high m olecu lar w e igh t 
p o lyp ep tid es  b e t te r  and b) shows low 
m o lecu la r w e igh t po lyp ep tid es  b e t te r .  The 
po lyp ep tid es  a re  la b e lle d  on the l e f t  hand 
s ide  o f each photograph.
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IF i q . 11 S t r u c t u r a l  p r o t e in s  o f  c a l f  r o t a v i r u s
v i s u a l i s e d  by Coom assie  b lue  s t a i n i n g .
The p r o t e in s  of s i n g l e  s h e l l e d  ( S s )  
and double  s h e l le d  (D s )  p a r t i c l e s  were 
sepa ra ted  by PAGE and s t a in e d  w i t h  Coomassie 
b r i l l i a n t  b lu e .  Two photographs a r e  shown 
in f i g . 11 as a )  shows h igh  m o le c u la r  w e ig h t  
p o ly p e p t id e s  b e t t e r  and  b) shows low 
m o le c u la r  w e igh t p o l y p e p t id e s  b e t t e r .  The 
p o ly p e p t id e s  a r e  l a b e l l e d  on the  l e f t  hand 
s id e  o f  each ph o to g rap h .
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CHAPTER I»
DISCUSSION
From the experim ents desc r ib ed  in th is  ch a p te r  and from 
concom itant pu b lished  work by o th e r g roups, we have been 
a b le  to b u ild  a model f o r  the production  and processing 
o f ro ta v iru s  p ro te in s . Use o f h igh r e s o lu t io n  g rad ien t 
g e ls  a llow ed  id e n t i f ic a t io n  of p re v io u s ly  u n ch a ra c te rised  
p ro te in s . However, th e re  a re  s t i l l  many unanswered questions 
about the p rocessing  o f the p o lyp ep tid es . Many o f the 
prim ary gene p ro d u c ts , which a re  seen a f t e r  in  v i t r o  tra n s ­
la t io n  and a ls o  in tu n icam yc ln - trea ted  in fe c te d  c e l l s ,  a re  
e x te n s iv e ly  m od ified  b e fo re  they a re  assem bled In to  In fe c t io u s  
v iru s  p a r t i c le s .  P o s t- t ra n s la t lo n a l m o d if ic a t io n s  o f the 
prim ary gene p roducts in c lu d e  g ly c o s y la t io n ,  n a tu ra l c leavage  
and tryp s in - in d u ced  c le a va g e  and i t  should a ls o  be mentioned 
th a t n a tu ra l h e te ro g e n e ity  in VP7 has r e c e n t ly  been reported 
(E s te s  e£ a j_ ., 1982). The steps in vo lved  In m o d ific a tio n  of 
each p ro te in  a re  d e sc r ib e d  In d iv id u a l ly  in th e  re s u lts
fluse c t io n , andimodel Is  p resen ted  in f i g . 12 to  summarise them.
S t ru c tu ra l p ro te in s  VP1 and VP6 and n o n - s tru c tu ra l p ro te in s  
VP*t, VP5, VP8 and VP9 do not appear to  be p o s t- tra n la t  ional ly  
m od ified  enough to  a l t e r  t h e ir  m ig ra tio n  In PAGE, A l l  the 
o th e r prim ary gene p roducts  - VP2, VP3, vpr7 and VP12 - become 
m od ified  and, w ith  the p o ss ib le  excep tion  o f VP11, most o f the 
ro ta v iru s  s t ru c tu ra l p ro te in s  a re  formed from  these p recu rso rs .
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F i q .12 Summary o f  th e  m o d i f i c a t io n  s tep s  in v o lv e d  in 
the  m a tu r a t io n  o f  r o t a v i r u s  p r o t e in s
V i rus
-Trp ♦Trp
New
Nom enclatures
a b c d
1 1 1 pi 13
2 2 2 p96
-3* 3 3* 7• V* k k* 7
A .2 x . r 5* p62
5* 5 53K P57
6 6 6 ph2
7.1 7c 7 gp3*t
7.2 8 7a P33
10 10c 9 9P25
>*.3 11c 8 7
C urrent s ta tu s  o f the nom enclature and p rocessing  o f ro ta v ir u s  p o lyp ep tid e  
(VP) in in fe c te d  c e l l s  and v ir u s  p a r t ic le s .  Arrows In d ic a te  p u ta t iv e  
p rocessing  steps through p r o te o ly s is  o r g ly c o s y la t io n  which have been 
dem onstrated by trea tm ent o f v i r u s  w ith  try p s in  (T rp ) o r o f In fe c te d  c e l l s  
w ith  tun icam ycln  (Tun) r e s p e c t iv e ly .  Note th a t VP7.2 In In fe c te d  c e l l s  («■) 
Is  on ly  seen a f t e r  Immune p r e c ip i t a t io n  w ith  VP7.1 o r  VP7.2 as I t  Is 
obscured by the more abundant VP8. The nom enclature used In t h is  repo rt 
Is  In d ic a te d  under heading ( a ) ,  th a t o f McCrae and Fa u lk n e r- V a lIe  (1981)
In (b ) ,  th a t  o f E s te s  e t  a K  (1901) In (c )  and th a t o f D ya ll- Sm lth  and 
Holmes (1 98 lb ) In (d ) .  In ou r nom enclature we use * to  In d ic a te  
c leavag e  p roducts o f VP2.
vpr7 and VP12 a re  not seen In In fe c te d  c e l l s  and two p ro te in s  
o f somewhat h ig her m o lecu la r w eight re p la ce  them. Comparison 
o f in fe c te d  c e l l s  in the presence and absence o f tun lcam ycln  
re v e a ls  th a t both become g ly c o s y la te d , form ing s t ru c tu ra l 
p ro te in s  VP7 and VP10. We have been a b le  to  show using  mono- 
s p e c i f ic  a n t is e r a  (ch ap te r 6 , K i l le n  and DImmock, 1982) th a t 
the p recu rso r fo r  VP7 is  vpr7 and, by e l im in a t io n , we In fe r  
th a t the p recu rso r fo r  VP10 is  VP12. T h is  r e s u lt  has s in ce  
been confirm ed by Sahara e£ aj_. (1982) us ing  lim ite d  p ro teo ­
l y s i s .  The same group a ls o  reported  a th ir d  g ly c o p ro te in  of 
m o lecu lar w eight 16K ( i . e .  sm a lle r than VP12) but t h is  p ro te in  
and i t s  p recu rso r were ve ry  f a in t  bands and I t s  presence in 
v iru s  p a r t ic le s  was not con firm ed . The ca rbo hyd ra te  ch a in s  o f 
VP7 and VP10 were repo rted  to  be c te a v a b le  by endo-B-acety1 - 
g lucosam in idase  H le a v in g  the p recu rso r p ro te in  (Sabara  e t  a i . ,
1982; E r ickson  e£ a j_ ., 1982,1983). T h is  enzyme Is  s p e c i f ic  fo r  
g ly c o p ro te in s  co n ta in in g  n e u tra l o lig o s a c c h a r id e s  w ith  a co re  of 
Asn-tG lcNAcig  ~ (M an), and a subsequent m annose-rich c h a in , but 
does not a t ta c k  more complex o lig o s a c c h a r id e s  w ith  the same core 
o r  the types o f g ly c o p ro te in s  processed by g o ig i (T a re n t in o  and 
M aiey, 197*0. Thus, the sim ian r o ta v ir u s  g ly c o p ro te in s  appear 
to  co n ta in  e x c lu s iv e ly  'h ig h  mannose' ca rb o h yd ra tes  (E r ic k s o n  
e t a l_ ., 1983). Then VP7 and VP10 both become m od ified  fu r th e r  
by n a tu ra l c le a vag e  b e fo re  assem bly in to  v ir u s  p a r t ic le s  ( f i g . 12 ).
A small p ie ce  o f VP10 Is  c le a ve d  o f f  to  form  the s t ru c tu ra l 
p ro te in  V P IO c. VP7 Is  more e x ta n s lv a ly  c le a ve d  to  VP7.1 and VP7.2 . 
The method o f p roduction  o f VP7.2 Is  h ig h ly  q u es tio n ab le  a t  p resen t,
21S
but VP7.2 has been shown to  have the same pep tide  p r o f i le  
as VP7.1 w ith  a t  le a s t  one p ep tid e  o b v io u s ly  m issing 
(Esp e jo  £ t a j_ . , 1981). We have confirm ed t h e ir  r e la t io n s h ip  
using our m onospecfic a n t is e r a  (ch a p te r  6 , K i i le n  and 
Dimmock, 1982). A l t e r n a t iv e  models fo r  p roduction  o f VP7.2 
a re  shown in f i g . 13. E s te s  et_ a_l_. (1982) reported  h e te ro ­
g e n e ity  o f VP7 among sim ian ro ta v iru s e s  but they d id  not 
extend th is  to  determ ine i f  VP7.1 and VP7.2 a ls o  show 
h e te ro g e n e ity . T h is  r a is e s  the qu es tio n  o f whether VP7.1 
and VP7.2 a re  heterogeneous forms o f a s in g le  s t ru c tu ra l 
po lyp ep tid e  (each found in a d i f f e r e n t  v ir u s  p a r t i c le )  formed 
by model 13c. However, a lthough we a lw ays see VP7.1 and 
VP7.2 in v i r u s  p a r t i c le s ,  we u s u a l ly  o n ly  see one band 
correspond ing  to  VP7 In in fe c te d  c e l l s  (see  a ls o  g e ls  in 
ch ap te rs  5 and 6 ) .  When two bands a re  seen in in fe c te d  
c e l l s ,  the f a s t e r  m ig ra tin g  band is  s tro n g er and com igrates 
w ith  VP7 .1 . T h is  is  in com p atib le  w ith  fo rm ation  o f VP7.1 
from the la rg e r  and VP7.2  from the  sm a lle r o f two forms of 
VP7, as VP7.1 Is  the m ajor c o n s t itu e n t  in v ir u s  p a r t ic le s .  
Each v a r ia n t  form o f VP7 Is  sa id  to  be s ta b le  fo r  a t  le a s t  
ten passages (E s te s  e t  a l . ,  1982) and our v iru s  was plaque 
p u r if ie d  th ree  tim es and passaged le s s  than f i v e  tim es 
su bsequently . VP7.2 Is  th e re fo re  more l i k e l y  to be 
formed by e i t h e r  model a )  o r b) than by model c ) .
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Not a l l  p u b lic a t io n s  have recognised the presence o f VP10 
in v ir u s  p a r t i c le s ,  a s  i t  is  a ve ry  weak band ( f i g . 10 ).
However, we have ra is e d  a m onospecific  antiserum  a g a in s t 
i t  and th is  serum n e u t r a l iz e s  ro ta v iru s  in f e c t i v i t y  
(ch a p te rs  6 and 7, K i l l e n  and Dimmock, 1982). Bastardo  
e t a l . (1981) a ls o  have m onospecific  a n t is e r a  a g a in s t  VP10. 
T h e re fo re , t h is  p o lyp ep tid e  must be a c o n s t itu e n t o f ro ta ­
v ir u s  p a r t i c le s .  There  is  a ls o  some doubt about whether 
V P I I / l l c  is  a c o n s t itu e n t  o f v iru s  p a r t ic le s  as reported  
by McCrae and Paul k n e r- V a )1e (1981 ). We see a minor 
p o lyp ep tid e  m ig ra tin g  below VP10 but cannot determ ine I f  
Itco m ig ra te s  w ith  VP11 as  th is  p ro te in  is  r a r e ly  seen in 
in fe c te d  c e l l s .  We have c a l le d  th is  s t ru c tu ra l p o lyp ep tid e  
VP4 .3 , as VP4.3 Is  w e ll described  (Espe jo  e£ a j_ ., 1981;
Es tes  ¿ t  a j_ ., 1981; C la rk  ¿ t  a j_ ., 1981) and we see no o th e r 
v iru s  p ro te in  which co u ld  be VPA.3.
VP2 and VP3 a re  both c le a v e d  by t ry p s in  (E sp e jo  ejt a jk ,  19 8 1 ; 
E s tes  £ t  a j_ ., 1982), w hich  is  known to  g re a t ly  enhance ro ta ­
v ir u s  I n f e c t i v i t y  ^Alm eida, 1978). A l l  o f VP3 Is  c le a ve d  to 
VPA.2 and VPA.3 ( f i g . 1 2 ), and th is  process Is  thought to  be the 
mechanism o f the  enhancement o f In f e c t i v i t y .  In p a r t ic u la r ,  
VP4.2 is  thought to  be th e  important product fo r  in f e c t i v i t y  as 
some VPA.3 I s fu r th e r  c le a ve d  by o th e r p ro te o ly t ic  enzymes w ith ­
out d es tro y in g  I n f e c t l v i t y  (E s te s  e t a l . ,  1981).
VP3 is  the product o f gene segment k, which determ ines
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r e s t r ic t io n  o f growth in  t is s u e  c u ltu re  (Greenberg e t  a l . .  
1983). I t  is  in te re s t in g  to  note th a t immune p r e c ip it a t io n  
o f in fec ted  c e l l s  In c h a p te r  5 revea led  a t  le a s t  4 bands 
in the reg ion o f VP4 .2 , but o n ly  one Is  in co rpo ra ted  in to  
v iru s  p a r t ic le s  so VPA.2 may a ls o  be formed In se ve ra l 
s tag es. A small amount o f  V/P2 is  a ls o  c le a ve d  by t r y p s in ,  
forming products VP3*,U* and VP5*, but the m a jo r ity  o f VP2 
does not become c leaved  (E s te s  e t  a K , 1981). There is  no 
evidence to  suggest th a t t h is  c le a vag e  step  Is  n ecessary  
o r  Im portant.
se «wony
I t  was In te re s t in g  and s u rp r is in g  to  f in d  th a tj^ ro tav i rus 
p ro te in s  a re  so e x te n s iv e ly  processed be fo re  they appear 
In mature v iru s  p a r t ic le s  s in ce  in re o v lru s  most o f the 
s t ru c tu ra l p ro te in s  a re  p rim ary  gene p roducts (Bo th  e t  a i . ,  
1975). The exception  is  the  m ajor o u te r  s h e ll p ro te in  pi 
which Is  g ly c o s y la te d  (K r y s ta t  eT a l_ . , 1976) and some o f 
I t  Is  c leaved  to  p ic  ( J o k l I k ,  1981). p i has a ls o  been 
shown to be phosphoryla ted  (K ry s ta l e£  a j_ ., 1975) and 
p o lyad en y la ted  (C a r te r  e t  e l . .  1980). N e ith e r  o f these 
l a t t e r  m o d ific a t io n s  have been In v e s t ig a te d  w ith  ro ta v iru s  
p o lyp ep tid es . R o ta v iru s  a ls o  d i f f e r s  from re o v iru s  in th a t 
i t  req u ire s  p ro te o ly t ic  enhancement - re o v iru se s  a re  
n a tu r a l ly  In fe c t io u s , a lth o u gh  th e ir  i n f e c t l v l t y  is  s l ig h t ly  
enhenced by pen cree tln  ( W a l l i s  e t  a l_ . , 1966). The re o v iru s  
t ra n s c r ip ta s e  Is  a c t iv a te d  by chym otrypsln  in v i t r o  which
-  2 1 9
removes o1 and o3 from the o u te r s h e ll and removes o r 
c le a v e s  p ic ,  depending on the io n ic  s tren g th  ( Jo k l ik ,  
1981). However, chym otrypsin  is  not necessa ry  fo r  
In fe c t  I v l t y  in v iv o  as the re o v iru s  p a r t ic le  is  
n a t u r a l ly  converted  to a su b v lra l p a r t i c le  by lysosomal 
enzymes a f t e r  uptake In to  the c e l l s  ( S i l v e r s t e ln  e t  a ]_ ., 
1976).
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CHAPTER 5
I d e n t i f i c a t i o n  o f  r o t a v i r u s  a n t ig e n s  and th e  d e t e r m in a t io n  o f  
im m unologica l c r o s s - r e a c t i v i t y  o f  r o t a v i r u s  p o l y p e p t i d e s  from 
d i f f e r e n t  s e r o t y p e s .
In tro d u c t io n ; The e x is te n ce  o f g ro u p - s p e c if ic ,  subgroup- 
s p e c i f ic  and ty p e - s p e c if ic  ro ta v iru s  a n t ig e n s  has been recogn ised 
( Thou 1 ess ¿ t  a_l_., 1977; B r id g e r , 1978; Kap ik  ian  et  ^£ l_ . , 1981), 
but the a n t ig e n ic  s p e c i f i c i t y  o r  fu n c tio n  o f  any in d iv id u a l 
p o lyp ep tid e  has not been determ ined.
The ro ta v ir u s  g ro u p - sp e c if ic  an tig en s  a re  those found in a l l  
the ro ta v iru s e s  o f a s in g le  group (e .g .  o f group 1 ), which w i l l  
re a c t w ith  a n t is e r a  a g a in s t any v iru s  in th a t  ro ta v iru s  group 
but w i l l  not re a c t a t  a l l  w ith  a n t is e r a  a g a in s t  the o th e r 
ro ta v iru s  groups (e .g .  the new groups) o r w ith  a n t is e r a  a g a in s t  
the o th e r genera o f the re o v iru s  fa m ily .  A t le a s t  some o f the 
an tig en s  re a c t in g  by immunofluorescence a re  g ro u p - s p e c if ic .  The 
subgroup-spec i f i c  a n tig en s  a re  those which a r e  common to  a l l  
members o f the same subgroup but w i l l  not r e a c t  w ith  a n t is e r a  
a g a in s t  o th e r subgroups o r  groups. The a n t lg e n (s )  d e te cted  by 
EL ISA  a re  su b g ro u p -sp ec ific . The ty p e - s p e c if ic  a n tig en s  a re  
o n ly  found In one ro ta v iru s  se ro type  and w i l l  not re a c t w ith  
a n t is e r a  a g a in s t  o th e r se ro typ es . An example Is  the n e u t r a l ­
iz a t io n - s p e c if ic  a n t ig e n .
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In t h is  s e c t io n ,  immune p r e c ip it a t io n  o f ra d io la b e l Ie d  
ro ta v iru s  p ro te in s  from in fe c te d  c e i l s  was used to  id e n t if y  
the ro ta v iru s  a n t ig e n s  and d is t in g u is h  g ro u p - sp e c if ic  from 
ty p e - s p e c if ic  a n t ig e n s  a s , under id ea l c o n d it io n s , in d iv id u a l 
p ro te in s  can be s p e c i f i c a l l y  p re c ip ita te d  from a m ix tu re  by 
the a p p ro p r ia te  a n t ib o d y . T h is  chapter p ro v id es  a p re lim in a ry  
c h a ra c te r is a t io n  o f  the ro ta v iru s  an tig en s  as  an in tro d u c t io n  
to experim ents d e sc r ib e d  in ch ap te rs  6 and 7 in which an tig en s  
a re  fu r th e r  c h a ra c te r is e d  by t h e ir  re a c t io n  w ith  m onospecific  
a n t is e ra  ra ise d  a g a in s t  them. A m onospecific  an tiserum  is  
ra ised  a g a in s t a s in g le  p ro te in  and is  s p e c i f ic  fo r  a n t ig e n ic  
determ inants found on tha t p ro te in .
5.1 O p tim isa tio n  o f  the s p e c i f i c i t y  and e f f i c ie n c y  o f the 
Immune p r e c ip i t a t io n .
A p re lim in a ry  in d ic a t io n  o f s p e c i f i c i t y  was seen by 
determ in ing  I f  v iru s  p o lyp ep tid es  cou ld  be s p e c i f i c a l l y  
p re c ip ita te d  from  samples in which both host and v iru s  
p ro te in s  were la b e lle d  w ith  ^S-m eth Ion In e . Immune
2 2 1 a
5 .1  ( C o n t ' d . )
p r e c ip ita t io n  us ing  the o r ig in a l  K e s s le r  (1975) method 
in which p ro te in s  were p r e c ip ita te d  in  the presence o f 
0.5% a lw ays  re su lte d  in some n o n - s p e c if ic
p r e c ip i t a t io n ,  so 'h igh  d e te rg e n t ' b u ffe r  as described  
in the methods section  was su b s t itu te d  and th is  
m o d ific a tio n  g r e a t ly  improved the s p e c i f i c i t y  and 
r e p r o d u c ib i l i t y  o f the r e a c t io n .  O ther m o d if ic a t io n s  
o f the o r ig in a l method in c lu d e  use o f a r e la t i v e l y  
la rg e  volume f o r  the re a c t io n  ( i . e .  10 pi serum and 
10 pi c e l l  e x t r a c t  were d i lu te d  to  500 p i )  and 
p r e c ip ita t in g  a t  A °C o ve rn ig h t w ith  s t ir r in g ,w h ic h  
improved the e f f i c ie n c y  o f p r e c ip i t a t io n .
The percentage o f  T C A - p rec ip ita b le  counts recovered 
a f t e r  immune p r e c ip i t a t io n  was a ls o  m on ito red . In 
samples o f r o t a v ir u s  p o lyp ep tid es  t ra n s la te d  in v i t r o  
In ra b b it  r e t ic u lo c y t e  ly s a t e s ,  20% and 11% o f the 
to ta l TCA p r e c lp l t a b le  r a d io a c t iv i t y  was p re c ip ita te d  
from by the o r ig in a l  and m od ified  methods r e s p e c t iv e ly .  
5*10% o f the t o t a l  TCA p r e c ip lt a b le  r a d io a c t iv i t y  from 
c e l l s  In fe c te d  w ith  r o ta v ir u s  a t  5 p . f . u . / c e l l  and 
la b e lle d  6-6£h p . i .  was ro u t in e ly  recovered  by Immune 
p r e c ip ita t io n  w ith  'h igh  d e te rg e n t ' b u f fe r .
P u r i f ic a t io n  o f ImmunogtobulIn from serum by p ro te in  A- 
Sepharose chrom atography, so th a t a n t ib o d ie s  which could 
bind to  ro ta v ir u s  p ro te in s  but not to  p ro te in  A were
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5 .1  ( C o n f d . )
e lim In a te d ,d id  not In c rease  e i t h e r  the e f f ic ie n c y  or 
s p e c i f i c i t y  o f p r e c ip i t a t io n .
Sometimes spontaneous fo rm ation  o f p r e c ip it a te s  in the 
d e te rg en t b u ffe r  occu rred  and p recau tio n s  to  prevent th is  
were n e ce s sa ry . The f i r s t  was c a re fu l removal o f membranous 
m a te r ia l from the o r ig in a l  c e l l  e x t ra c ts  by treatm ent o f 
lysed  c e l l s  w ith  0.5% NP^Q in hypoton ic  b u ffe r  fo llow ed  by 
Dounce hom ogenisation and c e n t r i fu g a t io n .  Use o f th is  
e x tra c t  a ls o  improved the e f f ic ie n c y  o f p r e c ip it a t io n .
Another p recau tio n  was to  d i lu t e  the cy to p lasm ic  e x tra c t  
in d e te rg en t b u ffe r  and then c e n t r ifu g e  to  p e l le t  
spontaneous p r e c ip i t a t e s ,  b e fo re  a d d it io n  o f serum. F re s h ly  
prepared d e te rg en t b u ffe r  was a ls o  im portant fo r  s p e c i f ic  
immune p r e c ip i t a t io n .
5.2 Dem onstration o f the  s p e c i f i c i t y  o f the  Immune p r e c ip ita t io n  
r e a c t io n .
E lim in a t io n  o f host p ro te in  bands from In fe c te d  c e l l  e x tra c ts  
was p re lim in a ry  con fIrm ation  o f the s p e c i f i c i t y  o f immune 
p r e c ip i t a t io n .  A fu r th e r  te s t  o f s p e c i f i c i t y  was taken by 
m ixing cy to p la sm ic  e x t ra c ts  w ith  ^ - la b e l l e d  In flu en za  
v iru s  and immune p r e c ip i t a t io n  w ith  an t I- ro ta v lru s  
co n va le scen t serum (6 20 3 ). R o ta v iru s  po lyp ep tid es  were 
s p e c i f i c a l l y  p r e c ip i t a t e d ,  w h ile  the 12^ I In flu en za  v iru s  
p ro te in s  were not d e te c ta b le  In the immune p r e c ip ita te s  ( f l g . 1 ) .
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F ¡g .1 a ls o  dem onstrates th a t ro ta v iru s  po lyp ep tid es  a re  
s p e c i f i c a l l y  s e le c te d  from c e l l s  In fe c te d  w ith  a low 
m u l t ip l i c i t y  (1 p . f . u . / c e l l )  o f  ro ta v iru s  in which the 
ro ta v iru s  p o lyp ep tid es  a re  b a re ly  v i s i b l e .
5 .3 O p tim isa tion  o f c o n d it io n s  fo r  Immune p r e c ip i t a t io n .
5.3.1 In fe c ted  Cel 1s .
The c e l l  e x t ra c ts  chosen fo r  Immune p r e c ip ita t io n  had 
prominent ra d io la b e l led  v i r a l  p o lyp ep tid es  as w e ll as 
host p ro te in s . A t an m .o . i .  o f  0.1 and 1 p . f . u . / c e l l  
the syn th e s is  o f v ir u s  p o lyp ep tid es  was too weak fo r  
d e te c t io n , w h ile  a m u l t ip l i c i t y  o f 20 p . f . u . / c e l l  
caused to ta l sh u t- o ff o f host p ro te in  s y n th e s is . 
M u l t ip l i c i t i e s  o f 5"10 p . f . u . / c e l l  produced c e l l s  showing 
both ra d io la b e l le d  v ir u s  and host p ro te in s . A m u l t ip l i c i t y  
o f 5 p . f . u . / c e l l  p u lse  la b e l l in g  w ith  ^^S-m ethionine a t  
6-6ih p . i ,  were chosen as standard  c o n d it io n s . However, 
even under s tan d a rd ised  c o n d it io n s , some v a r ia t io n s  In the 
q u a n t ity  o f In d iv id u a l p o lyp ep tid es  was d e te c ta b le , 
probab ly due to  v a r ia t io n  In h e a lth ,  age and co n flu en ce  
o f the c e l l s .  In  p a r t i c u la r ,  the  amount o f VP12 processed 
to  VP10 and the q u a n t it ie s  o f VP7 and VP7.1 v a r ie d . VPk.2 
was o n ly  seen by. immune p r e c ip it a t io n  and the q u a n t ity  o f 
th is  p o lyp ep tid e  a ls o  v a r ie d .
5 . 2  ( C o n t ' d . )
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F i g . 1 D em o ns tra t io n  o f  the  s p e c i f i c i t y  o f  immune p r e c i p i t a t i o n . 
1 2*5'’ I- la b e l le d  in flu en z a  v iru s  was mixed w ith  c e i l s  
in fe c te d  w ith  c a l f  ro ta v ir u s  a t  5 p . f . u . / c e l l  and 
la b e l le d  w ith  ^ S - m e th io n in e  6-6ih p . i .  and the m ix tu re  
was immune p r e c ip ita te d  w ith  a c a l f  r o ta v iru s  serum ( C l ) .  
C e lts  in fe c te d  w ith  c a l f  ro ta v ir u s  a t  1 p . f . u . / c e l l  
were a ls o  immune p r e c ip it a te d .  Nom enclature o f ro ta v ir u s  
p o lyp e p tid e s  is  shown on the  r ig h t  hand s ide  and th a t  o f 
e x te rn a l in flu en z a  v ir u s  p o lyp ep tid es  on the l e f t .
I  - 125I  la b e l le d  in flu en z a  (A/FPV/Rostok/3i*) v i r u s .
R l » la b e l le d  in f lu e n z a  v ir u s  mixed w ith  c e l l s
in fe c te d  w ith  5 p . f . u . / c e l l  r o ta v ir u s .  R2 » c e l l s  
in fe c te d  w ith  ro ta v ir u s  a t  1 p . f . u . / c e l l .  IP  « immune 
p r e c ip i t a t e  o f R i.  IP2 - immune p r e c ip i t a t e  o f R2.
HA1 and HA2, the two p o lyp ep tid es  o f in flu en za  v iru s  
haem agg iu tin in  a re  la b e l le d .
F i g .2 O p tim isa tio n  o f an tiseru m  co n cen tra tio n
Immune p r e c ip it a t io n  o f c e l l s  in fe c te d  w ith  c a l f  r o ta ­
v i r u s  a t  5 p . f . u . / c e l l  and la b e l le d  6-6ih p . i .  was 
c a r r ie d  out w ith  Cl an tiserum  d i lu te d  a t  1. 1 /50
2. V 5 0 0  3. ’ /5,000 k. 1/50,000 5. 1/500,000 and
6. 1/1,000,000 and the immune p r e c ip it a te s  were an a lysed  
by PAGE. C on d ition s o f the experim ent a re  describ ed  in 
F l g . 1 .
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F I g .1 Demonstration of the specificity of immune precipitation. 
1 2*3■’ ¡- la b e l le d  in flu en za  v iru s  was mixed w ith  c e l l s  
in fe c te d  w ith  c a l f  r o ta v iru s  a t  5 p . f . u . / c e l l  and 
la b e l le d  w ith  ^ S-m e th io n in e  6-6ih p . i .  and the m ixtu re  
was immune p re c ip ita te d  w ith  a c a l f  r o ta v iru s  serum ( C l ) .  
C e l ls  in fe c te d  w ith  c a l f  ro ta v iru s  a t  1 p . f . u . / c e l l  
were a ls o  immune p r e c ip ita te d .  Nom enclature o f ro ta v iru s  
p o lyp ep tid es  is  shown on the r ig h t  hand s ide  and th a t of 
e x te rn a l in flu en za  v iru s  po lyp ep tid es  on the l e f t .
I  « '^ 1  la b e l le d  in flu en za  (A/FPV/Rostok/S^) v i r u s .
R l =* la b e l le d  in flu en za  v iru s  mixed w ith  c e l l s
in fe c te d  w ith  5 p . f . u . / c e l l  ro ta v ir u s .  R2 » c e l l s  
in fe c te d  w ith  ro ta v iru s  a t  1 p . f . u . / c e l l .  IP  *  immune 
p r e c ip i t a t e  o f R i.  IP2 » immune p r e c ip it a t e  o f R2.
HA1 and HA2, the two p o lyp ep tid es  o f in f lu e n z a  v iru s  
haem agglu tin in  a re  la b e l le d .
F ig .2 O p tim isa tio n  o f an tiserum  co n cen tra tio n
Immune p r e c ip it a t io n  o f c e l l s  in fe c te d  w ith  c a l f  ro ta ­
v ir u s  a t  5 p . f . u . / c e l l  and la b e lle d  6-6£h p . t .  was 
c a r r ie d  out w ith  Cl an tiserum  d ilu te d  a t  1. 1/50 
2. 1/500 3. ’ /S.OOO k. V 50,000 5. V 500 .000  and
6. V i , 0 0 0 , 0 0 0  and the Immune p r e c ip it a te s  were ana lysed  
by PAGE. C ond itions o f the experim ent a re  describ ed  in 
F ig .1 .
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Antiserum  was d ilu te d  from V 5 0  to  M o0400O .Fig .2  shows 
th a t  a d i lu t io n  o f 1/50 was e f f i c i e n t  in immune 
p r e c ip it a t in g  ro ta v iru s  p o lyp ep tid es  w h ile  h ig her 
d i lu t io n s  re su lte d  in a decrease  in the q u a n t ity  o f 
an tig en  p r e c ip ita te d .  As p re v io u s ly  s ta te d , p u r if ie d  
immunoglobulin was no more e f f i c i e n t  than serum in 
immune p r e c ip it a t io n  a t  the same d i lu t io n .
5 .3 .3  C o ncen tra tion  o f S .a u re u s .
The co n cen tra tio n  o f S .au reus was an im portant param eter - 
the optimum la y  in the range o f 10-50 pi o f a 10% 
suspension in a f in a l  volume o f 500 pi and a g re a te r  o r 
le s s e r  co n cen tra tio n  re su lte d  in decreased p r e c ip it a t io n  
( f i g . 3 ) .  Decreased p r e c ip it a t io n  by high c o n cen tra tio n s  
o f S .au reu s  was presumably caused by 't r a p p in g '-  i . e .  
the p ro te in  was p re c ip ita te d  by S .au reu s  but the 
s o lu b i l i s a t io n  o f th is  p ro te in  was in h ib ite d  by the la rg e  
b a c te r ia l  p e l l e t ,  a t  le a s t  under the  co n d it io n s  used fo r  
th ese  experim ents. 25 pi o f S .a u reu s  was used in 
subsequent experim ents.
5 . 3 - 2  A n t i s e r u m  c o n c e n t r a t i o n .
5.3.** £ H .
The pH o f the re a c t io n  In the range pH7.** to  pH9.0 d id  
not s ig n i f i c a n t l y  a f f e c t  the r e s u lt s  ( f l g . k )  - the 
suggested pH o f 8 .2  was th e ra fo re  taken as optimum.
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O p t i m i s a t i o n  o f  S . a u r e u s  c o n c e n t r a t i o n
C e l ls  in fe c te d  w ith  5 p . f . u . / c e l l  c a l f  ro ta v ir u s  
and la b e l le d  6-6ih p . i .  were immune p r e c ip ita te d  
w ith  Cl an tise ru m . Immune complexes were 
p re c ip ita te d  w ith  1. 0.1 pi 2. 1 pi 3. 5 pi 
<«. 10 pi 5. 50 pi 6 . 100 pi and 7. 500 pi 
o f a 10% so lu t io n  o f fo rm a lin - f ix e d  S .a u re u s .
In » n o n - p rec ip ita te d  in fe c te d  c e l l s .
O p tim isa tio n  o f pH
Immune p r e c ip it a t io n  o f c e l l s  in fe c te d  w ith  
5 p . f . u . / c e l l  c a l f  ro ta v ir u s  and la b e l le d  6 -6 4 h 
p . i .  was c a r r ie d  out w ith  Cl an tiserum  a t  the pH 
va lu es  in d ic a te d . In ■ in fe c te d  c e l l s .
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O p t i m i s a t i o n  o f  S . a u r e u s  c o n c e n t r a t i o n
C e lls  in fe c te d  w ith  5 p . f . u . / c e l l  c a l f  ro ta v iru s  
and la b e lle d  6-6ih p . i .  were immune p re c ip ita te d  
w ith  Cl an tise ru m . Immune complexes were 
p re c ip ita te d  w ith  1. 0.1 pi 2. 1 pi 3. 5 pi 
**. 10 pi 5. 50 pi 6. 100 pi and 7. 500 pi 
o f a 10% so lu t io n  o f fo rm a lin - f ix e d  S .a u re u s .
In = non-precip  1ta ted  in fe c te d  c e l l s .
Optim isa t ion  o f  pH
Immune p r e c ip it a t io n  o f c e l l s  in fe c te d  w ith  
5 p . f . u . / c e l l  c a l f  r o ta v iru s  and la b e lle d  6-6Jh 
p . i .  was c a r r ie d  out w ith  Cl an tiseru m  a t  the pH 
va lu es  in d ic a te d . In « in fe c te d  c e l l s .
5 . 3 . 5  D e t e r m i n a t i o n  o f  t h e  op t imu m  t ime  to  l a b e l  I n f e c t e d  c e l l s .
A time course  of immune p r e c ip it a t io n  is  shown in f i g . 5 - 
p r e c ip it a t io n  is  best from c e l l s  la b e l le d  6-8h a f t e r  
in fe c t io n . The s tro n g es t la b e l l in g  o f v i r u s  p ro te in  was 
a ls o  shown to  be a t  t h is  time (see  ch ap te r A ). C e l ls  were 
ro u t in e ly  la b e l le d  a t  6-6ih f o r  immune p r e c ip i t a t io n .
5.** Id e n t i f ic a t io n  o f ro ta v ir u s  po lyp ep tid es  Immune 
p re c ip ita te d  from in fe c te d  c e l l s .
The ro ta v iru s  a n tig en s  in in fe c te d  c e l l s  re a c t in g  w ith  homo­
logous co n va le scen t a n t i- r o t a v i r u s  serum (C l)  were id e n t if ie d  
by immune p r e c ip i t a t io n  and PAGE o f the p r e c ip i t a t e s .
The products o f immune p r e c ip it a t io n  a re  compared to 
in fe c te d  c e l l s  in f i g . 6 . Most o f the h os t p o lyp ep tid es  
a re  absent in the immune p r e c ip i t a t e s ,  and some v i r a l  
bands have been in t e n s i f ie d .  P o lyp e p tid e s  VP2, VP3 and 
VPA, VP6, VP7 and VP8 a re  e f f i c i e n t l y  p r e c ip it a te d .  The 
f a s t e r  m ig ra tin g  VP3 Is  p r e c ip ita te d  much more s tro n g ly  
than VPA. VP11 is  a f a in t  band in both the In fe c te d  
c e l l s  and In the immune p r e c ip i t a t e s .  VP1 was not 
p r e c ip ita te d  and VP10/10c were in e f f i c i e n t l y  p re c ip ita te d  
a s  the immune p r e c ip ita te d  po lyp ep tid es  appeared le s s  
in ten se  than the p o lyp ep tid es  in the o r ig in a l  sample when 
equal c .p .m . o f both samples were loaded. P r e c ip i t a t io n  
o f  VP10 Is  shown la t e r  to  be v a r ia b le ,  e .g .  I t  Is  
p r e c ip ita te d  ( to  v a ry in g  degrees) In f i g s .  3, A, 6, 8 and
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T ime  c o u r s e  o f  p r o t e i n  s y n t h e s i s  i n  i n f e c t e d  c e l l s
d e t e c t e d  by immune p r e c i p i t a t i o n .
C e lls  were in fec ted  w ith  5 p . f . u . / c e l l  c a l f  ro ta v iru s  
and la b e l le d  w ith  ^ S-m eth io n in e  fo r  30 min a t  the 
tim es shown. Equal c .p .m . o f each sample were immune 
p r e c ip ita te d  and each p r e c ip it a te  was an a lyse d  by 
PAGE.
Immune p r e c ip it a t io n  o f p o lyp ep tid es  from  c a l f  
ro ta v iru s - In fe c te d  c e l l s .
C a lf  r o t a v 1ru s- in fe c ted  c e l l s  were Immune p r e c ip ita te d  
under optimum co n d it io n s  and the immune p r e c ip it a te s  
ana lysed  by PAGE. In - in fe c te d  c e l l s  (5 p . f . u . / c e l l ) ,  
la b e lle d  6-6 ih  p . l .  IP  ■ immune p r e c ip i t a t e  using 
a n t i- c a l f  ro ta v iru s  serum C l. Numbers on the l e f t  
hand s id e  r e fe r  to  po lyp ep tid es  seen in  In fe c te d  c e l l s  
and those on the r ig h t  r e fe r  to p o lyp e p tid e s  not 
de tected  by PAGE o f in fec ted  c e l l  e x t r a c t s  but 
de tected  in  Immune p r e c ip ita te s  o f th e se  e x t ra c ts .
Time course of p ro te in  s y n th e s is  in in fe c te d  c e l l s  
detected by immune p r e c i p i t a t i o n .
C e l ls  were in fec ted  w ith  5 p . f . u . / c e l l  c a l f  ro ta v ir u s  
and la b e lle d  w ith  ^ S - m e th io n in e  fo r  30 min a t  the 
tim es shown. Equal c .p .m . o f each sample were immune 
p re c ip ita te d  and each p r e c ip i t a t e  was an a lysed  by 
PAGE.
Immune p r e c ip i t a t io n  of po lyp ep t id es  from c a l f  
ro ta v i ru s - in fe c te d  c e l l s .
C a lf  ro ta v iru s - in fe c te d  c e l l s  were immune p r e c ip ita te d  
under optimum c o n d it io n s  and the immune p r e c ip i t a t e s  
ana lysed  by PAGE. In = in fe c te d  c e l l s  (5 p . f . u . / c e l l ) ,  
la b e lle d  6-6ih p . l .  IP  » immune p r e c ip i t a t e  using 
a n t i- c a l f  ro ta v iru s  serum C l.  Numbers on the l e f t  
hand s ide  re fe r  to  p o lyp e p tid e s  seen in in fe c te d  c e l l s  
and those on the r ig h t  r e f e r  to p o lyp ep tid es  not 
de tected  by PAGE o f in fe c te d  c e l l  e x t ra c ts  but 
de tected  in immune p r e c ip i t a t e s  of these  e x t r a c ts .
h p . i
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some o f 10 but not in f ig s .  1, 2, 5, 1 and 9. The immune 
p r e c ip i t a t e  o f VP9 is  masked by VP8 and VP12 is  not observed 
in t h is  case . Where VP9 is  re so lved  from VP3 ■ e .g .  in f i g . k ,  
i t  is  in e f f i c i e n t l y  p r e c ip ita te d .  VP4.2 is  not v i s i b l e  by 
PAGE o f e x t ra c ts  from in fe c te d  c e l l s  but i t  can be seen in 
immune p r e c ip it a te s  o f these  e x tra c ts  (as  more than one band - 
see a ls o  f ig s .  3 and k) . The same is  tru e  o f the p u ta t iv e  
vpr7  and a band (p o s s ib ly  VP3*, k * ) m ig ra ting  Ju s t  below  VP3 
and VPk. An immune p re c ip ita te d  p o lyp ep tid e  is  seen m ig ra ting  
s l i g h t l y  f a s t e r  than VP5 (see  a ls o  f i g . k )  and th is  cou ld  be VP5*.
A q u a n t it a t iv e  e s tim ate  o f the e f f ic ie n c y  o f p r e c ip i t a t io n  
o f each p o lyp ep tid e  was ob ta ined  by c u tt in g  out bands from 
gel t ra c k s  co n ta in in g  a ) in fe c te d  c e i l s  and b) immune 
p r e c ip i t a t e s ,  then s o lu b i l is in g  the gel s l ic e s  and counting  
the r a d io a c t iv i t y  in a s c i n t i l l a t i o n  coun ter ( t a b le  1 ). The 
gel seen in f i g . 10 was used. S in ce  equal T C A - p rec ip ita b le  
c .p .m . were loaded onto each gel t ra c k  and the immune 
p r e c ip i t a t e s  con ta ined  r e la t i v e l y  le s s  r a d io la b e l Ie d  host 
c e l l  p ro te in s  than the In fe c te d  c e l l s ,  each immune 
p r e c ip ita te d  p o lyp ep tid e  should have more c .p .m . then the 
p o lyp ep tid e  in the o r ig in a l sample. I f  the immune 
p r e c ip ita te d  po lyp ep tid e  had few er c .p .m . than the o r ig in a l  
p o lyp ep tid e  then I t  was considered  not to  be p r e c ip i t a t e d .
By th is  c r i t e r io n  VP1, VP5 and VPIO /IOc were not p r e c ip it a te d ,  
w h ile  VP2, VP3 and 4, VP<t.2, VP6, VP7 and VP8 were e f f i c i e n t l y
5 . 1*. ( C o n t ' d . )
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Table 1
Q u an t ita t io n  o f  immune p r e c i p i t a t i o n  o f  c a l f  r o t a v i r u s  po lypep t ides
by G203*
P ro te in
(VP) In f .  C e l ls 1 .P . R a t io  lp / ln f . P r e c ip i ta te d
1 3 . 6 0 0 2,600 0.72 -
2 10,400 8 1 , 6 0 0 7.85 ♦
3. 4 14,200 76,100 5.36 ♦
5 5,800 4,400 0.76 -
6 3 3 , 1 0 0 373,000 1 0 . 9 6 ♦
7 12,500 37,600 3 . 0 1 ♦
8 . 9 34,300 116,000 3.38 ♦
10/1 Oc 1 8 , 8 0 0 5,900 0.33
* Each ra d io a c t iv e  band was e x c ise d  from the g e l ,  cu t In to  small 
p ie ce s  and incubated In H2 O2 a t  80*C fo r  3h u n t i l  d is s o lv e d . T r ito n /  
toiuene/PPO  s c i n t i l l a t i o n  f l u id  was then added and the r a d io a c t iv i t y  
In each s l i c e  was measured In a s c in t i l l a t i o n  co u n te r.
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5.1* ( C o n t ' d . )
p r e c ip ita te d .  However V P IO /IO c were sometimes seen In Immune 
p rec ip i t a te s .
5.5 D e tection  o f ro ta v ir u s  g ly c o p ro te in s  by immune p r e c ip ita t io n  
using Con A-Sepharose .
Concanava-1 In A is  a le c t in  p ro te in  which has h ig h ly  s p e c i f ic  
sugar binding p ro p e r t ie s  and can p r e c ip i t a t e  p o lysacch a r id e s  
and g ly c o p ro te in s  (Nathan and L i s ,  1972). I t  re a c ts  
s p e c i f i c a l l y  w ith  a-D-mannose, a-D-glucose and re la te d  su gars . 
Con A c o v a le n t ly  bound to  Sepharose beads has been u s e fu l ly  
e x p lo ite d  in a f f i n i t y  chrom atography o f many g ly c o p ro te in s  and 
I attem pted to use t h is  method to  Id e n t i f y  ro ta v iru s  g ly c o ­
p ro te in s  in in fe c te d  c e l t  e x t r a c t s .  However, two main problems 
hampered r e s u lt s .  F i r s t l y ,  th e  denatu ring  co n d it io n s  used fo r  
the a f f i n i t y  chrom atography were too m ild  to  com p le te ly  
d is s o c ia te  in t r a c e l lu la r  p ro te in  complexes so e lu a te s  from the 
column con ta ined  a number o f p o lyp ep tid es  th a t  had been 
n o n - sp e c if le a l1 y  bound. The second problem was th a t the 
g ly c o p ro te in s  bound so s t ro n g ly  to  the column th a t o n ly  a small 
p ro p o rtio n  o f them co u ld  be e lu te d  by com petition  w ith  
a-methy1-D-mannoside. An immune p r e c ip it a t io n  procedure was 
developed which avo id ed  both these  problems and was 
based on the use o f  Con A-Sepharose to  bind Immune 
complexes co n ta in in g  g ly c o p ro te in s  but not immune complexes 
o f n o n -g lyco sy la ted  p ro te in s  (Helm er and K le in ,  1978). 
Immunoglobulin c o n ta in s  ca rb o h yd ra te  in c lu d in g  mannose and
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5 . 5  ( C o n t ' d . )
N -ace ty l-g lucosam ine  (K orn f le id  e t  a j_ . , 1971) b u t, a t  le a s t  
when i t  is  In the  form o f Immune com plexes, these  ca rbo ­
h yd ra te  ch a in s  must not be exposed as they do not bind to 
Con A (Helmer and K le in ,  1978). F i g . 7 compares p ro te in s  
immune p re c ip ita te d  with p ro te in  A-Sepharose, which binds 
to  th e  Fc region o f immunoglobulin and Con A-Sepharose 
which b inds sugar re s id u e s . P ro te in  A-Sepharose p re c ip ita te d  
immune complexes co n ta in in g  the normal ro ta v iru s  po lyp ep tid es 
seen in  immune p r e c ip i t a t e s ,  w h ile  Con A-Sepharose s p e c i f i c a l l y  
p r e c ip ita te d  immune complexes o f o n ly  two p o lyp ep tid es  - VP7 
and VP10. F i g . 7 a ls o  shows th a t  the p o lyp ep tid es  p re c ip ita te d  
by Con A w ith o u t an tib o d y  co n ta in  s e v e ra l n o n -v ira l 
p o lyp e p tid e s , which a re  l i k e l y  to  h ost g ly c o p ro te in s , w h ile  
those p r e c ip ita te d  by Con A-Sepharose In the presence o f 
an tib o d y  co n ta in  o n ly  r o ta v ir u s  g ly c o p ro te in s . The fa c t  th a t 
g ly co p ro te in - a n tib o d y  complexes were more e a s i l y  p re c ip ita te d  
than g ly c o p ro te in s  by Con A-Sepharose was p o ss ib ly  due to  the 
f a c t  th a t  the a n t ig e n s  were p resen t as la rg e  complexes and 
may have undergone con fo rm ation a l changes a llo w in g  b e t te r  
p resen ta tio n  o f the sugar re s id u e s . T h is  com bination o f 
an tib o d y  and Con A-Sepharose was th e re fo re  u se fu l fo r  
reducing  the host g ly c o p ro te in  o r  n o n - s p e c if ic  background In 
the immune p r e c ip i t a t e s  o f r o ta v lr u s  g ly c o p ro te in s .
P ro te in  A-Sepharose w ith o u t an tib o d y  a ls o  binds to  a number 
o f n o n - v lra l p o ly p e p t id e s . T h is  is  p robab ly n o n - sp e c if ic  
b ind ing  as  I t  Is  n o t found when immune complexes a re  
p r e c ip ita te d  by P ro te in  A-Sepharose.
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F ig .7 Immune p r e c ip ita t io n  w ith  Con A-Sepharose fo r  
id e n t if ic a t io n  o f g ly c o p ro te in s
C e l ls  in fec ted  w ith  5 p . f . u . / c e l l  r o ta v iru s  and 
la b e lle d  w ith  ^ S-m e th io n in e  a t  6-6ih p . l .  were 
immune p r e c ip ita te d , using P ro te in  A-Sepharose 
or Con A-Sepharose. Un - u n in fe c te d  c e l l s ,
In - in fe c te d  c e l l s .  IP  « Immune p r e c ip it a te s  
of In fe c te d  c e l l s  using fc l-ca lf ro ta v iru s  (C l)  
serum and p ro te in  A-Sepharose CP » Immune 
p r e c ip ita te s  o f in fec ted  c e l l s  using Cl serum 
and Con A-Sepharose I Pc « Immune p r e c ip ita te s  
o f in fe c te d  c e l l s  using no serum and p ro te in  
A-Sepharose, CPc « immune p r e c ip it a t e s  o f in fe c te d  
c e l l s  using no serum and Con A-Sepharose, P I - 
in fe c te d  c e l l s  immune p r e c ip ita te d  w ith  preimmune 
serum and p ro te in  A-Sepharose. Numbers on the l e f t  
o f the photograph re fe r  to r o ta v ir u s  p ro te in s  seen 
in in fe c te d  c e l l s .
Fi9-7 Immune precipitation with Con A-Sepharose for 
identification of glycoproteins
C e l ls  in fe c te d  w ith  5 p . f . u . / c e l l  r o ta v i r u s  and 
la b e l le d  w ith  ^ S-m e th io n in e  a t  6-6ih p . i .  were 
immune p r e c ip i t a t e d ,  using P ro te in  A-Sepharose 
or  Con A-Sepharose. Un - u n in fe c te d  c e l l s ,
In « In fec ted  c e l l s .  IP  « immune p r e c ip i t a t e s  
of In fec ted  c e l l s  using fcC-calf r o t a v i r u s  (C l )  
serum and p ro te in  A-Sepharose CP - Immune 
p r e c ip i t a t e s  o f  in fec ted  c e l l s  us ing  Cl serum 
and Con A-Sepharose IPc » immune p r e c ip i t a t e s  
of in fec ted  c e l l s  using no serum and pro te in  
A-Sepharose, CPc » immune p r e c ip i t a t e s  of in fec ted  
c e l l s  using no serum and Con A-Sepharose, PI ■ 
In fec ted  c e l l s  immune p r e c ip i t a t e d  w ith  preimmune 
serum and p ro te in  A-Sepharose. Numbers on the l e f t  
o f the photograph re fe r  to  ro ta v i r u s  p ro te ins  seen 
in in fec ted  ce l  I s .
in fe c te d  c e l l s  w ith  both homologous and hetero logous a n t is e r a .
C a lf  ro ta v ir u s  p o lyp ep tid es  were immune p re c ip ita te d  from 
in fe c te d  c e l l s  w ith  hyperimmune a n t is e r a  a g a in s t  c a l f ,  human 
and pig  ro ta v ir u s e s ,  co n va lescen t a n t is e r a  a g a in s t  c a l f ,  human, 
p ig  and lamb ro ta v iru s e s  and w ith  newborn c a l f ,  fo e ta l c a l f ,  
ra b b it  and horse sera  which were a l l  known to  co n ta in  ro ta v iru s  
a n t ib o d ie s  ( f i g . 8 ) .  In th is  case he tero logous a n t is e r a  p re c ip ­
ita te d  a l l  the ro ta v ir u s  p o lyp ep tid es  which had reacted  w ith  
a n t i- c a l f  r o ta v ir u s  serum. The a n t is e r a  used a re  a l l  described  
in ta b le  1, ch ap te r 2. T h is  p re lim in a ry  r e s u lt  In d ica ted  
th a t e i t h e r  1) the ro ta v ir u s  p o lyp ep tid es  were complexed 
to g eth er in in fe c te d  c e l l s ,  p o ss ib ly  as p a r t ly  assembled 
v iru s e s  o r  sim ply as agg rega tes w ith  a f f i n i t y  fo r  each o th e r , 
o r 2) th a t no p o lyp ep tid e  is  com p le te ly  t y p e - s p e c if ic  but 
each co n ta in s  both t y p e - s p e c if ic  and g ro u p - s p e c if ic  a n t ig e n ic  
determ in an ts on the same m o lecu le . M o lecu les w ith  seve ra l 
a n t ig e n ic  'dom ains ' have been id e n t if ie d  by the use o f a 
panel o f monoclonal a n t ib o d ie s  a l l  a g a in s t one p ro te in  where 
in d iv id u a l a n t ib o d ie s  have d i f f e r e n t  re a c t io n s  w ith  re o v lru se s  
(B u rs t  In e_t a j_ ., 1982; see 1 .3 .2 .6 ) and In flu en z a  v iru s  
(Gerhard ejt a j_ ., 1981). The e x is te n ce  o f p ro te in s  complexed 
tog eth er as immature p a r t ic le s  has a ls o  been described  In 
re o v lru s  ( J o k l I k ,  1981) and ro ta v iru s  (M cN u lty , 1979). This 
l a t t e r  p o s s ib i l i t y  was In v e s t ig a te d  f i r s t  by attem pting  to 
d is s o c ia te  p ro te in  agg regates be fo re  Immune p r e c ip i t a t io n .
5 . 6  I d e n t i f i c a t i o n  o f  p o l y p e p t i d e s  immune p r e c i p i t a t e d  f r om
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J L  Immune p r e c ip i t a t io n  w ith  c a l f  ro ta v iru s  
in fec ted  c e l l s  w ith  homologous and h e te ro ­
logous a n t is e r a .
C e l ls ,  in fe c te d  and la b e lle d  as b e fo re , were 
Immune p r e c ip ita te d  w ith  a s e r ie s  o f sera  
and the p r e c ip i t a t e s  were an a lysed  by PAGE. 
The a n t is e ra  used a r e  some o f those described  
in ta b le |>2. V iru s  p ro te in s  a re  la b e lle d  
the r ig h t  o f the photograph.
on
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in fe c te d  c e l l s  w ith  homologous and h e te ro ­
logous a n t i s e r a .
C e l l s ,  In fe c te d  and la b e l le d  as be fo re ,  were
Immune p r e c ip i t a t e d  w ith  a s e r ie s  of sera
and the p r e c ip i t a t e s  were ana lysed  by PAGE.
The a n t i s e r a  used a re  some of those descr ibed
i,ck
in tab le^ 2 .  V iru s  p ro te in s  a re  l a b e l le d  on 
the r ig h t  o f  the photograph.
n q - 8  Immune p r e c i p i t a t i o n  w i t h  c a l f  r o t a v i r u s
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G entle  s o n lc a t io n  o f c e l l  e x t r a c t s  a f t e r  20 m inutes a t  
37°C in b u ffe r  w ith  10 tim es (1 0X) the normal detergen t 
co n ce n tra t io n  (10% SDS, 10% sodium deoxych o la te ,
5% T r ito n  X-100) or w ith  a 5X co n ce n tra t io n  o f de tergen ts 
was t r i e d .  The c e l l  e x t ra c ts  were then d i lu te d  to  a 
normal de te rg en t co n ce n tra t io n  and Immune p re c ip ita te d  
as b e fo re . P re- trea tm en t o f the c e l l s  w ith  both a 5X 
and 10X co n cen tra tio n  o f d e te rg e n ts  gave the same r e s u lt s :  
those fo r  c e l l s  p re trea te d  w ith  5X de te rg en t b u ffe r  a re  
shown In f i g . 9. The use o f  h ig h e r  co n ce n tra t io n s  o f 
d e te rg en ts  a llow ed  id e n t i f ic a t io n  o f  some ty p e - s p e c if ic  
d if fe re n c e s  presumably due to  the d e te rg en t d isag g reg atin g  
the a n tig e n s . Both types o f a n t i- c a l f  ro ta v ir u s  serum 
(C l and C3) p re c ip ita te d  a l l  the usual p o lyp ep tid es  
except VP10, but a n t i- p o rc in e  r o ta v ir u s  serum (P1 ) f a i le d  
to  p r e c ip it a t e  VP7.1 and VPA.2 and p r e c ip ita te d  VP3 much 
le s s  e f f i c i e n t l y  than the o th e r  a n t is e r a .  Hyperimmune 
serum a g a in s t  human ro ta v ir u s  (H I )  p r e c ip ita te d  VP3 and VP7.1 
but not VP4.2 and the n o n - s tru c tu ra l p o lyp ep tid e  VP8. The 
p r e c ip it a te s  In the reg ion  o f  VP4.2 appear as a d if fu s e  area 
w ith  a t  le a s t  fo u r p o lyp ep tid e  bands. I t  should be noted 
th a t HI an tiseru m  has been ra is e d  a g a in s t both subgroups o f 
human ro t a v ir u s ,  one o f which c ro s s - re a c ts  w ith  c a l f  ro ta v iru s  
by EL ISA . Tha e f f ic ie n c y  o f  p r e c ip i t a t io n  o f each 
p o lyp ep tid e  by the a n t is e r a  was q u a n t ita te d  by ex c is in g
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F i g . 9
In fe c ted  c e l l s  la b e lle d  w ith  ^ S-m e th Io n In e  were 
tre a te d  w ith  5x de te rg en t b u f fe r  (2 .5% SDS, 5% 
sodium d eo x ych o la te , 5% NP^g In 1 0 0  mM KC1 .
5 mM M g C lj> 100 mM T r ls  pH8.2) a t  37°C fo r  
20  m in, d i lu te d  to  lx  d e te rg en t b u ffe r  and Immune 
p re c ip ita te d  w ith  c a l f ,  p ig  and human ro ta v iru s  
a n t is e r a .  The a n t is e r a  a re  described  in ta b le  2.
In « In fe c te d  c e l l s ,  Un • u n in fe c te d  c e l l s ,  IP  a re  
immune p r e c ip i t a t e s ,  Sup ■ m a te r ia l not p r e c ip ita te d  
by each o f  the a n t is e r a .  V iru s  p ro te in s  a re  la b e lle d  
on the l e f t  hand s id e  o f the  photograph.
F i g . 9
In fe c te d  c e l l s  la b e l le d  w ith  ^ S-m eth lo n ln e  were 
tre a te d  w ith  5x d e te rg en t b u ffe r  (2 .5% SDS, 5% 
sodium deoxychol a t e , 5% NP^g *n '00 mM KC1 ,
5 mM M gC lj, 100 mM T r is  pH8.2) a t  37°C fo r  
20 min, d i lu te d  to  lx  de te rgen t b u ffe r  and immune 
p r e c ip ita te d  w ith  c a l f ,  pig and human ro ta v iru s  
a n t is e r a .  The a n t is e r a  a re  described  In ta b le  2.
In ■ in fe c te d  c e l l s ,  Un » u n in fec ted  c e l l s ,  IP  a re  
Immune p r e c ip i t a t e s .  Sup ■ m a te ria l not p re c ip ita te d  
by each o f the a n t is e r a .  V iru s  p ro te in s  a re  la b e lle d  
on the l e f t  hand s id e  o f the photograph.
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each band and determ in ing  the r a d io a c t iv i t y  in them.
The q u a n t it a t iv e  r e s u lt s  comparing the amount 
p re c ip ita te d  by C2, P I and HI r e la t i v e  to  the  homologous 
Cl an tiserum  ( t a b le  3) show th a t P1 serum p r e c ip it a te s  23% 
o f VP7 and 25% o f VP3 , w h ile  HI serum p r e c ip it a t e s  65% of 
VP3, 26% o f VP8 and g re a te r  than 100% o f VP7. Comparison 
o f the p r e c ip i t a t e s  o f P I and Cl using IX  de te rg en ts  ( f i g . 8) 
and 5X d e te rg en ts  ( f i g . 9) show th a t the d i f f e r e n t ia l  
p r e c ip it a t io n  o f VP7 and W i, 1* is  le ss  marked in lower 
d e te rg en t c o n c e n tra t io n . In f i g . 8, P I does p r e c ip it a te  
VP7 but to  a much le s s e r  degree than Cl and P1 a ls o  appears 
to  p r e c ip it a t e  le s s  VP3 , VPk and VPk.2 than C l ,  but th is  
d if fe re n c e  is  more obvious in f i g . 9. These po lyp ep tid es 
a re  p o ss ib ly  aggregated  w ith  o th e rs  in in fe c te d  c e l l s  and 
c o - p re c ip ita te  w ith  them except in the p resence  o f high 
c o n cen tra tio n s  o f  d e te rg e n t. H etero logous a n t is e r a  HI 
and L I appear to  p r e c ip i t a t e  a l l  ro ta v iru s  p o lyp ep tid es  
in f i g . 8 , w h ile  HI does not p r e c ip it a te  VP8 and on ly 
some o f  VP3, VPk and VPl*.2 p o lyp ep tid es  In  f i g . 9.
A n t is e ra  F , Ho and R a re  not s p e c i f ic  a n t is e r a .
These d if fe r e n c e s  In p r e c ip it a t io n  o f in d iv id u a l 
p o lyp ep tid es  by the a n t is e r a  cou ld  re s u lt  from genuine 
d if fe re n c e s  in the type s p e c i f i c i t y  o f r o ta v ir u s  an tigen s
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Tab le  3
R e la t iv e  p ro po rtio n s  o f c a l f  ro ta v iru s  po lyp ep tid es  immune p re ­
c ip i t a t e d  by a - c a l f ,  o -po rc in e  and a-human ro ta v iru s  a n t is e r a .
P ro te in
(V P )
C.f
Cl
>.m. prec 
Ant i s<
<**
p i ta ted b 
sra
P1*
y :
H I*
p re c ip ita te d  by:
C4* P I *  H1 * 
r e la t i v e  to  Cl
1 2,602 195 - -
2 81,620 9A.977 68,170 66,890 116.1« 83.5 81.9
3,1» 76,063 7A.085 19,660 A8,906 97.1* 25.6 61*.3
5 4,410 2,825 2,936 5,565 6A. 1 66 .A 126.2
6 373,038 370,993 313.460 31*6,330 88.7 84.03 92.8
7 37,559 28,182 8,770 53,1*70 75.0 23.1* 142.4
8 ,9 116,056 117,396 99,370 29,770 101.2 85.6 25.7
10/10c 5,910 390 320 7,01*0 6.6 5.1* 119.1
*The c .p .m . were ad ju sted  to  s tan d a rd ise  the  counts In each sample - the 
c .p .m . p re c ip ita te d  by w ere a l l  m u lt ip l ie d  by 3 and those In PI 
and HI were m u lt ip l ie d  by 10.
+The co n tro l samples were p ro te in s  p rec ip ita ted  by G203 ( C l ) .
For d e s c r ip t io n s  of a l l  th e  a n t is e r a  used In th is  ch a p te r , see Table 2.
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o r m erely r e f le c t  d if fe re n c e s  In the an tibody content of 
in d iv id u a l a n t is e r a .  In o rd e r to  d is t in g u is h  between 
these two, two fu r th e r  experim ents were done. One was 
to p r e c ip i t a t e  c a l f  ro ta v ir u s  po lyp ep tid es  w ith  as many 
c a l f  a n t is e r a  as were a v a i la b le  in o rd e r to  demonstrate 
u n ifo rm ity  o f p r e c ip i t a t e  p a tte rn s  by them a l l ,  and the 
o th e r was to  In fe c t  c e l l s  w ith  po rc in e  ro ta v iru s  and 
Immune p r e c ip i t a t e  the p o lyp ep tid es  w ith  d i f fe r e n t  
a n t i s e ra .
F i g . 10 shows p ro te in s  o f c e l l s  In fe c te d  w ith  c a l f  
ro ta v iru s  p r e c ip ita te d  by se ve ra l a n t is e r a  a g a in s t c a l f  
ro ta v iru s  as w e ll as w ith  a n t is e r a  a g a in s t  human, po rcine  
and lamb ro ta v ir u s e s ,  a f t e r  p retrea tm en t o f the c e l l s  w ith  
5X d e te rg en t b u f fe r .  In th is  c a se , the  p r e c ip ita t io n  o f 
VP7 by Cl was le s s  e f f i c i e n t  than p re v io u s ly  noted In 
f i g . 8 and f i g . 9 . VP6 was s t ro n g ly  p re c ip ita te d  by a l l  
a n t is e r a .  VP8 was s t ro n g ly  p r e c ip ita te d  by a l l  a n t is e ra  
except the hyperimmune a n t is e r a  ra ise d  a g a in s t human 
ro ta v iru s .  VP2 was a ls o  p r e c ip ita te d  by a l l  a n t is e r a ,  
a lthough le s s  s t ro n g ly  than VP6. T h is  experiment 
d is t in g u is h e s  between VP3 and VP4. I t  has a lre a d y  been 
po inted ou t^Tchap ter 4) th a t the  s t ru c tu ra l po lypep tide  
VP3 Is  the f a s t e r  m ig ra tin g  o f these two. The slow er 
m ig ra ting  VP*» Is  p r e c ip ita te d  by a l l  a n t is e r a  w h ile  VP3 
is  on ly p r e c ip ita te d  by HI and fo u r o f the s ix  c a l f
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F i9-10 Immune p r e c ip it a t io n  w ith  homologous and 
h e tero log ou s a n t is e ra
C e l ls  in fe c te d  w ith  c a l f  ro ta v iru s  were 
Immune p re c ip ita te d  w ith  a range o f 
homologous and hetero logous a n t is e r a  as 
in f i g . 9. The a n t is e ra  a re  d e sc r ib e d  in 
ta b le  A , ci\2.
F '9 • 10 Immune p r e c ip it a t io n  w ith  homologous and 
hetero logous a n t is e r a
C e l ls  In fe c te d  w ith  c a l f  ro ta v iru s  were 
immune p re c ip ita te d  w ith  a range o f 
homologous and he tero log ous a n t is e r a  as 
in f i g . 9. The a n t is e r a  a re  d escribed  in 
ta b le  i j  ck2.
C6 C5 CU C3 C2 Cl H2 HI P2 P I L I  In
I I I I I I I  I I I I L
- 21*1*
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a n t is e r a .  VP3 is  not p r e c ip ita te d  s t ro n g ly  by C5. The 
re la te d  p o lyp ep tid e  VP1* .2 is  p re c ip ita te d  by a l t  c a l f  
a n t is e r a  and by H I.  In t e r e s t in g ly ,  a t  le a s t  th ree  bands 
a t  VP1* .2 a re  id e n t i f ia b le  in the p r e c ip it a te s  o f HI and 
fo u r of the c a l f  a n t is e r a ,  and on ly  one band is  seen in 
the p r e c ip it a te s  o f  the o th e r two c a l f  a n t is e r a .  VP7 
is  p re c ip ita te d  most s t ro n g ly  by HI serum; a l t  s ix  c a l f  
a n t is e r a  p r e c ip ita te d  VP7 w eak ly , but p r e c ip it a t io n  o f 
VP7 by H2, P I ,  P2 and L I a n t is e r a  was b a re ly  v i s i b l e .  
VPIO /IOc was p r e c ip it a te d  as two bands by P I ,  P2 , H2, C l,  
C2 and C6. T h is  experim ent shows th a t (1 ) H2 an tiserum  
d i f f e r s  from the o th e r hetero logous a n t is e ra  and th e re fo re  
i t s  t y p e - s p e c if ic i t y  is  in doubt and (2 ) p o lyp ep tid es  VP3, 
VP1* .2 and VP7 a re  type s p e c i f i c ,  although the r e s u lt s  fo r  
VP7 shown in f i g . 10 a re  le s s  c le a r  than In the p rev io u s  
experim ent ( f i g . 9 ) as VP7 is  p o o rly  p re c ip ita te d  except 
by H I.  VP10 is  n o t p r e c ip ita te d  by a l l  a n t is e r a  but is  
p re c ip ita te d  by both homologous and hetero logous a n t is e r a .
5.7 Immune p r e c ip i t a t io n  o f c e i l s  In fe c te d  w ith  po rc ine  
ro ta v iru s  (O SU ).
The o ther method o f determ in ing  w hether d if fe re n c e s  
In p r e c ip it a t io n  o f Individual p ro te in s  by he tero logous 
a n t is e ra  d id  r e f l e c t  the f a c t  th a t th e re  were type 
s p e c i f ic  a n tig en s  o r  whether i t  sim ply re f le c te d
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v a r ia t io n  In in d iv id u a l a n t is e r a  was to  immune p r e c ip i t a t e  
p o lyp ep tid es  from a d i f f e r e n t  ro ta v iru s  sero type  w ith  a i l  
the a n t is e r a .  Attem pts to  g et s u f f ic ie n t  expression  o f 
ro ta v iru s  p o lyp ep tid es  in in fe c te d  c e l l s  from a number o f 
fre sh  p o rc in e  ro ta v iru s  is o la te s  not adapted to  t is s u e  
c u ltu re  w ere u n su cce ss fu l. A Canadian po rc in e  ro ta v iru s  
is o la te  w hich had been adapted to  t is su e  c u ltu re  (OSU s t r a in ) ,  
was k in d ly  provided  by Dr. B o h l, and p o lyp ep tid es  produced in 
in fec ted  c e l l s  by t h is  r o ta v ir u s  were immune p re c ip ita te d  w ith  
a range o f a n t is e r a  ( f i g . 11 ). However, the experim ent was 
la rg e ly  in c o n c lu s iv e  because (1 ) immune p r e c ip it a t io n  o f many 
p o lyp e p tid e s , i . e .  VP7, VP8 and VP9 was ve ry  weak in a l l  ca se s  
and d if fe re n c e s  cou ld  not r e a l l y  be de tected  and (2 ) th e re  was 
no ev id en ce  th a t OSU belonged to the same sero type  as e i t h e r  
o f the two B r i t i s h  po rc in e  is o la te s  used to  ra is e  our p o rc in e  
a n t is e ra  so a l l  the a n t is e r a  used in th is  experim ent cou ld  
have been h e te ro lo g o u s . The OSU ro ta v iru s  d id  not form 
plaques so a plaque redu ctio n  a ssay  w ith  the a n t is e r a  cou ld  not 
be c a r r ie d  o u t . Because o f the  freq u en t problem o f v a r ia b le  
p r e c ip it a t io n  o f some o f the a n t ig e n s  (namely the g ly c o p ro te in s  
VP7 and VP10) by homologous a n t is e r a .  I t  was f e l t  th a t the 
experim ents described  in the next two ch ap te rs  ( c h a ra c te r is a t io n  
o f an tig en s  using m onospec ific  a n t is e r a )  would y ie ld  more 
In fo rm ation  than th is  approach, so no fu r th e r  experim ents o f  
th is  n a tu re  were c a r r ie d  o u t.
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F ig .11 Immune p r e c ip it a t io n  o f c e l l s  in fe c te d  w ith  
p o rc in e  ro ta v iru s  OSU
C e l ls  were in fe c te d  w ith  p o rc in e  ro ta v ir u s  (OSU)
*
a s  described  fo r  c a l f  r o ta v ir u s ,  p re tre a te d  
w ith  5x d e te rg en t b u ffe r  and immune p r e c ip it a te d .  
Unin - u n in fec te d  c e l l s ,  In « c a l f  ro ta v ir u s  
in fe c te d  c e l l s ,  OSU In « c e l l s  in fe c te d  w ith  OSU, 
OSU-IP » OSU in fe c te d  c e l l s  immune p r e c ip ita te d  
w ith  a n t is e r a  la b e l le d .  (The a n t is e r a  a re  
d esc r ib ed  in ta b le  2 ) .  V iru s  p o lyp ep tid es  a re  
la b e l le d  on the r ig h t  hand s id e .
OSU IP
, OSU
LI In
1 i
_  —  2
—  1*.2
3,1*, 3 * ,1**
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p o rc in e  r o t a v i r u s  OSU
C e l l s  were i n f e c t e d  w i t h  p o r c in e  r o t a v i r u s  (OSU) 
as  d e s c r ib e d  f o r  c a l f  r o t a v i r u s ,  p r e t r e a t e d  
w i t h  5x d e t e r g e n t  b u f f e r  and Immune p r e c i p i t a t e d  
Unin - u n in f e c t e d  c e l l s ,  In - c a l f  r o t a v i r u s  
in f e c t e d  c e l l s ,  OSU In ■ c e l l s  i n f e c t e d  w i t h  OSU 
OSU-IP « OSU i n f e c t e d  c e l l s  Immune p r e c i p i t a t e d  
w i t h  a n t i s e r a  l a b e l l e d .  (The a n t i s e r a  a r e  
d e s c r ib e d  in t a b l e  2 ) .  V i r u s  p o l y p e p t i d e s  a r e  
l a b e l l e d  on t h e  r i g h t  hand s i d e .
DISCUSSION
T h is  chap ter d esc r ib e s  the Immune p r e c ip i t a t io n  techn iqu e, 
o p tim is a t io n  o f the c o n d it io n s , v e r i f i c a t io n  o f i t s  s p e c i f i c i t y  
and a number o f a p p lic a t io n s  fo r  i t s  use. The s p e c i f i c i t y  o f the 
techn iqu e  is  confirm ed in the next ch ap te r where m onospecific  
a n t is e r a  a re  shown to  p r e c ip i t a t e  on ly  one p o lyp e p tid e .
In the homologous c a l f  ro ta v ir u s  (C l )  an tiseru m  system a 
number o f po lyp ep tid es seen In n o n - p rec ip ita te d  e x tra c ts  o f 
in fe c te d  c e l l s  were immune p r e c ip ita te d  (VP2 , VP3, VRl», VP6, 
VP7/7 .1 , VP8 and VP10/10c). More im p o rtan tly  o th e r  po lyp ep tid es  
were p re c ip ita te d  and thus id e n t if ie d  as p u ta t iv e  ro ta v iru s  
p o lyp e p tid e s : one m ig ra ting  ju s t  below VP3 w hich  may correspond 
to  VP3*, *»*, one which m ig ra tes  In the expected reg ion o f VP4.2 
( t h i s  p r e c ip it a te  o ften  appears as about th ree  bands),
one which m ig ra tes Ju s t  below VP5 which cou ld  be VP5* and one 
m ig ra tin g  ju s t  below VP9 which m ig rates in the expected p o s it io n  
o f vp r7 . These fo u r p o lyp ep tid es  a re  p re cu rso rs  o r c leavag e  
p roducts o f  ro ta v iru s  p ro te in s .  VP<*.2, VP5* and VP3*,4* a re  a l l  
found in v ir u s  p a r t ic le s  and vpr7  is  seen a f t e r  in v i t r o  tra n s ­
la t io n .  An added va lu e  o f immune p r e c ip it a t io n  Is  shown in 
ch ap te r 6 where m onospecific  a n t is e r a  a re  used . The f a c t  tha t 
VP4.2 was Id e n t i f ia b le  as th ree  bands when th e re  Is  o n ly  one In 
ro ta v iru s  p a r t ic le s  cou ld  In d ic a te  more than one c leavag e  or 
o th e r p o s t t ra n s le t lo n e l step  in  i t s  p roduction  o r  heterogene It y  
In the  p ro te in . However, we have no ev id en ce  th a t  any o r  a l l  o f 
them a re  r e a l l y  VP<t.2. Most o f  the ro ta v ir u s  p o lyp ep tid es  were
p re c ip ita te d  by a n t is e r a  - but the s t r u c tu r a l  p o lyp ep tid e  
VP1 and n o n - s tru c tu ra l po lyp ep tid es  VP5 and VP9 were not 
immune p r e c ip i t a t e d .  VP11 and VP12 were weak bands i f  seen a t 
a l l  so the o n ly  co n c lu s io n  we can make about them is  th a t they 
were not enhanced by immune p r e c ip i t a t io n .  VP12 is  a p recu rso r 
o f  VP10/10c bu t I t  is  not enhanced as vp r7  is  by immune 
p r e c ip i t a t io n ,  d e sp ite  the obvious p resence  o f an tibody to  
V P IO / lO c . VP IO /lO c a re  m od ified  from VP12 by g ly c o s y la t io n  
and c le a vag e  s te p s , so i t  is  p o ss ib le  th a t  some o f the an tibody 
to  VP10/10c is  d ire c te d  a g a in s t the m o d ified  reg io n s , but i t  is  
a ls o  p o ss ib le  th a t  VP12 is  converted  to  VPIO /lO c more e f f Ic le n t 1 y  con 
v e rs io n  o f vp r7  to  VP7, le a v in g  l i t t l e  to  be immune p r e c ip ita te d .
The p ro p o rtio n  o f VP7/7.1 and VP10/10c which become immune 
p r e c ip ita te d  by even the same an tiserum  v a r ie d  from experim ent 
to  experim ent. P r e c ip i t a t io n  o f these  p o lyp ep tid es  was o fte n  
poor (a lth o u g h  not a lw ays - see f i g . 9) when the c e l l s  were 
p re tre a te d  w ith  high c o n cen tra tio n s  o f d e te rg e n t. In o th e r 
v i r u s  system s in c lu d in g  re o v lru s ,  h e rp e s , r e s p ir a to ry  s y n c i t la l  
v i r u s  and fo o t  and mouth d ise a se  v iru s  (G a i l la r d  and J o k l ik ,
1980; Yeo et_ a j_ . , 1981; B e rn s te in  and H ru ska , 1981; and H a r r is  
e l_ ., 1981) Immune p r e c ip it a t io n  o f the  ty p e - s p e c if ic  
p o lyp ep tid e  o r  the g ly c o p ro te in s  wes le s s  e f f i c i e n t  then th e t 
o f the o th e r p o ly p e p t id e s . Th is could be the  re s u lt  o f 
d e n e tu re tio n  o f  the p ro te in  but le t e r  experim ents (described  
In chap te r 6 ) showed th e t om ission o f SOS and deoxycho lete  (DOC) 
d id  not Improve p r e c ip it a t io n  o f VP10 by aV P IO . P o s s ib ly  the
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use of d e te rg en t b u ffe r  co n ta in in g  SDS and DOC w ith o u t N P ^  
may have worked as i t  has been observed th a t the presence of 
non-ion ic d e te rg e n ts , which can s o lu b i l i s e  membrane p ro te in s  
by forming m ic e lle s  around the hydrophobic reg ions o f the 
p ro te in s , o fte n  g re a t ly  reduce the b ind ing  o f g ly c o p ro te in s  
to C o n can av illn  A (H e len iu s  and Sim ons, 1975; Gombos, 1976). 
Presumably they cou ld  a ls o  p reven t g ly c o p ro te in s  o r  p ro te in s  
w ith  hydrophobic reg ions from b ind ing  to  an tibody i f  these  
hydrophobic reg io n s  were the a n t ig e n ic  s i t e s .  Io n ic  d e te r ­
gents presumably form m ic e lle s  w ith  more h y d ro p h ilic  
de te rm in an ts . Sys tem atic  reduction  in the co n cen tra tio n  of 
each or a l l  o f th e  de te rgen ts  to  below t h e ir  c r i t i c a l  m ic e lla r  
co n cen tra tio n  (CMC) may improve p r e c ip it a t io n  o f the 
g ly co p ro te in s  but may a ls o  decrease  s p e c i f i c i t y .
We a ls o  attem pted to  d is t in g u is h  g ro u p - sp e c if ic  from 
ty p e - s p e c if ic  a n t ig e n s . P re trea tm en t o f c e l l s  In h igh con­
c e n tra t io n s  o f d e te rg en ts  improved the s p e c i f i c i t y  o f immune 
p r e c ip ita t io n  and d if fe re n c e s  in the Immune p r e c ip it a te s  o f 
homologous and hetero logous a n t is e ra  were d e te c ted . 
In te rp re ta t io n  was d i f f i c u l t  because o f the v a r i a b i l i t y  In 
p r e c ip ita t io n  o f  the g ly c o p ro te in s  re fe r re d  to above.
However, we were a b le  to  determ ine th a t VP2 end VP6 were 
g ro u p - sp e c lf Ic  a n tig en s  s in ce  they were p re c ip ita te d  by a l l  
a n t is e ra  In c e l l s  In fe c te d  w ith  OSU-porcine ro ta v iru s  o r 
c a l f  ro tev l rus . VP8 was a ls o  probab ly g ro u p - sp e c if ic  a lth o u g h , 
as a n o n - s tru c tu ra l p o lyp ep tid e , I t  was not p re c ip ita te d  by 
a n t is e ra  a g a in s t  v iru s  p a r t ic le s  (H I and H 2 ), and was weekly
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p re c ip ita te d  in c e i l s  in fe c te d  w ith  OSU. These po lypep tides 
may have both g ro u p - sp e c if ic  and ty p e - s p e c if ic  a n t ig e n ic  
determ inan ts and be p re c ip ita te d  by a n t ib o d ie s  a g a in s t the 
g ro u p - sp e c if ic  reg io n s . The group/type s p e c i f i c i t y  o f VP1 , 
VPk and VP9 was not easy to  determ ine as VP1 was not u s u a lly  
p re c ip ita te d  and VPk and VP9 were not u s u a lly  reso lved  from 
VP3 and VP8 r e s p e c t iv e ly .  VP3, VPk.2  and VP7/7.1 behaved as 
t y p e - s p e c if ic  po lyp ep tid es  by im m une-precip ita tion  from c a l f  
ro ta v iru s - in fe c te d  c e l l s ,  but p r e c ip it a t io n  o f VP7/7.1 in 
f i g . 10 was poor. VP3 and VPA.2 were ty p e - s p e c if ic  as they 
were o n ly  p re c ip ita te d  w ith  homologous a n t is e r a  and the 
n o n - sp e c if ic  H I.  An in te re s t in g  o b se rva t io n  was that 
homologous a n t is e ra  e ith e r  p r e c ip ita te d  VP3 s t ro n g ly  or 
VP4.2 s t ro n g ly . VP3 and VPk.2  a re  re la te d  po lyp ep tid es  so 
th is  p r e c ip it a t io n  presumably depended on which p o rtio n  o f 
the p ro te in  the a n t ib o d ie s  were d ire c te d  a g a in s t .  Four o f 
the s ix  c a l f  a n t is e r a  p r e c ip ita te d  th ree  bands in the region 
o f V P k .2 , which suggests th a t VPk.2 is  a heterogeneous 
m ixtu re  o f p ro te in s . VP10 was p re c ip ita te d  randomly by some 
homologous and some hetero logous a n t is e r a .
R esu lts  from O SU-Infected c e l l s  in d ic a te d  th a t VPk.2 
was o n ly  p re c ip ita te d  by p o rc in e  a n t is e r a  but r e s u lts  o f o th e r 
p ro te in s  were d i f f i c u l t  to  In te rp re t  as VP7/7.1 and VP8,9 were 
p re c ip ita te d  weakly In a l l  cases and VP3 was obscured by a 
number o f o th e r  c lo s e ly  m ig ra tin g  bands, p robab ly in c lud ing  
more V P3*,k* than seen in c a l f  ro ta v iru s - in fe c te d  c e l l s ,  as
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the  o th e r  c le a v a g e  p rod uc t  o f  VP2 ( l . e .  VP5*) i s  seen in 
g r e a t  q u a n t i t y .
The a t t e m p ts  to  f i n d  g r o u p - s p e c i f i c  and t y p e - s p e c i f i c  
a n t ig e n s  thus  p re s e n te d  more q u e s t io n s  than they  answered .
One problem may have been th a t co n va le scen t a n t is e r a  do not 
g iv e  such s e ro ty p e - s p e c if ic  re a c t io n s  a s  hyperimmune se ra , 
and few hyperimmune a n t is e ra  were a v a i la b le .  T y p e - s p e c if ic ity  
may have been e a s ie r  to  dem onstrate u s in g  a n t is e ra  adsorbed 
a g a in s t he tero logous ro ta v iru s  to  remove a n tib o d ie s  a g a in s t 
g roup-spec i f i c  de term in an ts, but th is  would not remove antibody 
a g a in s t in te rn a l a n t ig e n ic  s i t e s  and, a s  p r e c ip it a t io n  o f the 
g ly c o p ro te in s  was not re p ro d u c ib le , th e  t y p e - s p e c if Ic i t y  o f 
these  g ly c o p ro te in s  would not be dem onstrable in any case . The 
next ch ap te r on m onospecific  a n t is e r a  p ro v id es  some in d ic a t io n  
th a t  VP10 is  ty p e - s p e c if ic  in im m unofluorescence and shows 
th a t VP7.2 is  in vo lved  in n e u t r a l iz a t io n ,  seen by Bastardo  
e t  aj_. (1 9 8 0  to  be typ e- sp e c if ic .  VPl».2 is  a ls o  l i k e l y  to  
be t y p e - s p e c if ic  as i t  is  an o u te r s h e ll  p ro te in  formed by 
t ry p s in  a c t io n  and necessary fo r  in fe c t io n  o f c e l l s ,  and 
VP3 is  I t s  p re cu rso r . Type s p e c i f i c i t y  may be e a s ie r  to 
dem onstrate by Im m unoprécip itation w ith  m onospecific  o r 
monoclonal a n t is e r a ,  but the m o n o spec ific  a n t is e r a  we have 
ra ise d  were a g a in s t  denatured p ro te in s  (so  ty p e - s p e c if ic  
de term inan ts may have been destroyed ) and they immune 
p r e c ip ita te d  p ro te in s  from O SU -ro tav lru s as w e ll as from 
c a l f  ro ta v ir u s  (ch a p te r 6 ) .
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G ly c o p ro te in  an tig en s  were a ls o  id e n t i f ie d  by an 
a d a p ta t io n  o f the immune p r e c ip ita t io n  techn ique  which 
is  s p e c i f i c  and th e re fo re  a u se fu l method f o r  fu tu re  use. 
T h is  ch a p te r  th e re fo re  served as an in tro d u c t io n  to  the 
c h a ra c te r is a t io n  o f an tig en s  described  in ch a p te rs  6 and 
7 as we w ere  ab le  to  d i f f e r e n t ia t e  a n tig en s  which were 
group s p e c i f i c ,  not e n t i r e ly  g ro u p - sp e c if ic  and id e n t it y  
g ly c o s y la te d  a n tig e n s .
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CHAPTER 6
P re p a ra t io n  o f m onospecific  p o ly c lo n a l a n t is e ra  a g a in s t 
In d iv id u a l ro ta v iru s  an tig en s , and In v e s t ig a t io n  of 
t h e ir  re a c t io n  w ith  ro ta v iru s  p o ly p e p t id e s .
In tro d u c t ion : Th is se c tio n  d e sc r ib e s  the p rep a ra tio n  of 
m onospecific  a n t is e r a  a g a in s t each o f the ro ta v iru s  s t ru c tu ra l 
po lyp ep tid es  and th e ir  a p p lic a t io n  In the fu r th e r  a n t ig e n ic  
c h a ra c te r is a t io n  o f ro ta v ir u s .  T h is  method has been usefu l in 
many v ir u s  systems - m onospecific  a n t is e r a  have been ra ised  
a g a in s t v i r a l  po lyp ep tid es  is o la te d  under m ild  co n d it io n s  in 
the case o f  in flu en za  v iru s  and o th e rs  (E c k e r t ,  1966; W rig le y  
e£  a j_ ., 1977; R o tt , 196k; Hayes e t a l . ,  1981), but In many 
cases i t  has been necessary  to  use denatured  and reduced 
po lyp ep tid es  ex c ised  from p o lyac ry lam id e  g e ls  (Pow ell e t  a l . .  
197k; Lane and Robbins, 1978: Hayes e t  a l . ,  1981) and 
these  p o lyp ep tid es  have proved to be not o n ly  a n t ig e n ic  
but to  r e ta in  some o f t h e ir  n a t iv e  c o n f ig u ra t io n  so th a t 
the a n t is e r a  a g a in s t  them had the expected type s p e c i f ic i t y  
and n e u tra liz in g  p ro p e r t ie s . Th is l a t t e r  approach was used fo r  
the p rep a ra tio n  o f ro ta v iru s  m onospecific  a n t is e r a  described  in 
t h is  ch a p te r . O b v io u s ly , the success o f  t h is  approach Is  
dependent on s t a b i l i t y  o f  the a n t ig e n ic  co n fig u ra t io n  o f these 
p o lyp ep tid es  to  dén a tu ra tio n  and ra d u c t io n , as w e ll as on the 
m o n o sp e c tfIc lty  o f the a n t is e r a  ra is e d , and these fa c to rs  w i l l  
be d iscu ssed . The a n t is e r a  were u se fu l In determ in ing  the 
re la t io n s h ip  o f  ro ta v iru s  an tig en s  to  each o th e r and In
In tro d u c tIo n  (C o n t 'd .)
id e n t i f ic a t io n  o f g ly co p ro te in s  and t h e ir  p re c u rso rs , as 
w e ll a s  in id e n t ify in g  in d iv id u a l b io lo g ic a l  fu n c t io n s  o f 
the ro ta v ir u s  a n t ig e n s , p a r t ic u la r ly  those which were 
concerned w ith  n e u t r a l iz a t io n ,  by com parison o f the 
e f f e c t s  o f the m onospecific  a n t is e r a  in t h e i r  re a c t io n s  
w ith  v i r u s .  The a b i l i t y  to  bind to , n e u t r a l iz e  and 
agg regate  v iru s  p a r t ic le s  was in v e s t ig a te d  as  w e ll as 
id e n t i f ic a t io n  o f  the c e l lu l a r  lo c a t io n  o f In d iv id u a l 
ro ta v ir u s  a n tig en s  in in fe c te d  c e l l s  by im m unofluorescence.
T h is  ch a p te r  d e sc r ib e s  the p re p a ra t io n  and 
screen in g  o f th e  m onospecific  a n t is e r a  and t h e i r  re a c t io n s  
w ith  ro ta v ir u s  po lyp ep tid es  in immune p r e c ip i t a t io n  and 
im m unofluorescence, and ch ap te r 7 d e sc r ib e s  the re a c t io n  
o f m onospec ific  a n t is e r a  w ith  v iru s  p a r t i c l e s .  The 
d e f in i t io n  o f a m onospecific  an tiserum  is  th a t  i t  is  
ra ise d  a g a in s t and on ly re a c ts  w ith  a s in g le  p ro te in  
(and I t s  p recu rso rs  o r m od ified  p ro d u c ts ).
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6.1 P re p a ra t io n  of m onospecific  p o ly c lo n a l a n t is e ra  
a g a in s t  in d iv id u a l ro ta v iru s  p o ly p e p t id e s .
6 .1 .1  M aintenance o f ro ta v lru s - fr e e  gu inea p ig s .
A m ajor in i t i a l  problem in r a is in g  m onospecific  a n t is e r a  
was the  a c g u is lt io n  and m aintenance o f an im als w ith o u t 
ro ta v ir u s  a n tib o d y . A p re l im in a ry  screen  o f ra b b it  serum 
from some young ra b b its  in o u r anim al house showed tha t 
the serum p re c ip ita te d  r o ta v ir u s  p o lyp ep tid es . Guinea 
p ig s  were chosen fo r  these  experim ents fo llo w in g  a repo rt by 
Z i s s i s  and Lam bert(i960) th a t 90% o f guinea p igs te s ted  
were f r e e  o f  ro ta v iru s  an tib o d y  whereas ra b b its  fre g u e n t ly  
had ro ta v ir u s  a n t ib o d ie s  under normal management c o n d it io n s . 
In an i n i t i a l  experim ent, a group o f u n inocu la ted  anim als 
were kept in the is o la t io n  c o n d it io n s  described  In Methods 
(C h ap te r 2) fo r  s ix  weeks. The sera from these guinea p igs 
developed no ro ta v iru s  an tib o d y  over the te s t  pe riod  as 
shown by im m unoprécip itation  ( f i g . 1 ) .  The te s t  an im als 
used in subsequent experim ents a ls o  remained f r e e  o f antibody 
to  ro ta v iru s e s  fo r  the 12 month d u ra tio n  o f the experim ent.
6 .1 .2  P re p a ra t io n  o f a n t ig e n .
In d iv id u a l r o ta v iru s  p o lyp ep tid es  were obtained by PAGE 
o f ro ta v ir u s  p u r if ie d  from t is s u e  c u lt u r e .  For each 
in je c t io n ,  ro ta v iru s  was grown in and p u r if ie d  from 
30-kO r o l l e r  b o t t le s  (app rox im ate ly  1 .5 x 107 c e l l s ) ,  
which provided  on average 1 mg o f p u r if ie d  double sh e lled  
v i r u s .  A sm all amount o f ^ S - m e th io n ln e  la b e lle d
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Immune p r e c ip it a t io n  o f ro ta v iru s  p o lyp ep tid es  
w ith  pre-immune a n t is e r a .
In fe c te d  c e l l s  ( In )  and u n in fec ted  c e l l s  (Un) 
were Immune p r e c ip ita te d  ( I P )  w ith  Cl serum 
and preimmune se ra  from guinea p igs la b e l le d  
G1, G2 and G3. R o ta v iru s  p o lyp ep tid es  seen 
In In fe c ted  c e l l s  a re  la b e lle d  on the l e f t  
hand s id e .
Immune p r e c i p i t a t i o n  o f  r o t a v i r u s  p o ly p e p t id e s  
w i t h  pre-immune a n t i s e r a .
I n f e c t e d  c e l l s  ( I n )  and u n in f e c t e d  c e l l s  (Un) 
were immune p r e c i p i t a t e d  ( I P )  w i t h  Cl serum 
and preimmune s e ra  from  gu inea  p ig s  l a b e l l e d  
G1, G2 and G3. R o t a v i r u s  p o ly p e p t id e s  seen 
in in f e c t e d  c e l l s  a r e  l a b e l l e d  on the l e f t
hand s i d e .
6 . 1 . 2  ( C o n t ' d ) .
ro ta v iru s  (50,000 cpm ^ S - la b e l  led  ro ta v iru s  mixed w ithi  o ç
200 M9 u n la b e lle d  v ir u s )  o r la b e lle d  ro ta v iru s
125(20,000 cpm ro ta v iru s  w ith  200 ug u n la b e lle d  v ir u s )
was added to a llo w  id e n t i f ic a t io n  o f the v iru s  bands.
F i g . 2 is  a PAGE p a tte rn  o f ro ta v iru s  s t ru c tu ra l po lyp ep tid es  
la b e l le d  w ith  ^ S-m eth io n in e  o r  ' ^ 1 ,  as described  in 
ch ap te r A. The s t ru c tu ra l po lyp ep tid es  VP1 , VP2 , VP**.2,
VP6 , VP7 .1 , VP7.2 and VP10 were excised  in d iv id u a l ly  as 
immunogen. VP3’V and VPk* were excised  togeth er as they 
were d i f f i c u l t  to  separa te  and a ls o  in je c te d  to g e th e r.
6 .1 . 3  Development o f  a n t ib o d y  response  in gu inea  p ig s
The course  o f an tibody production  by immunised guinea p igs 
was m onitored by both immune p r e c ip it a t io n  and immuno­
f lu o re s c e n ce . One animal was in je c te d  w ith  acry lam id e  
co n ta in in g  no ro ta v iru s  p ro te in  to  serve  as a c o n t r o l.  
S eve ra l te s t  b leeds were taken a f t e r  each in je c t io n  to 
Id e n t i f y  the tim e o f peak an tib ody p ro du ctio n . Antibody 
p roduction  was estim ated  to be h ig h e s t 12 days a f t e r  
in je c t io n  by te s t in g  the e f f ic ie n c y  o f the serum In 
immune p r e c ip i t a t io n .  The r e s u lt s  o f screen ing  guinea 
pig  sera  a f t e r  each In je c t io n  a re  shown In ta b le  1, and 
the p a tte rn  o f development o f an an tibody response fo r  
each p o lyp ep tid e  can be seen from i t .  The v a r ia t io n  In 
ra te  o f development o f s p e c i f ic  an tibody a g a in s t each
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F Ig .2 PAGE o f s in g le  s h e lle d  (s s )  and double s h e lle d
(d s ) ro ta v iru s  p a r t ic le s  ra d io la b e l led  w ith  
[ ^ S ]  -meth ion Ine o r  ' ^ 1 .  U n in fec ted  (U)
BSC-1 c e l l s  and c e l l s  in fe c te d  ( I )  a t  10 p . f . u . /  
c e l l  and la b e l le d  w ith  [ ^ S ]  -meth Ion ine from 
6 to  6.5h post In fe c t io n  were a ls o  In c lu d ed . 
Numbering o f the p o lyp ep tid es  is  ex p la in ed  In 
chapter- A. The scheme on the r ig h t  r e fe r s  to  
v iru s  p o lyp ep tid es  p resen t in in fe c te d  c e l l s  
and tha t on the l e f t  to  p o lyp ep tid es  (arrow ed) 
which a re  seen in v i r u s  p a r t i c le s .
F i g .2 PAGE o f  s i n g l e  s h e l l e d  ( s s )  and doub le  s h e l l e d  
(d s )  r o t a v i r u s  p a r t i c l e s  rad l o i a b e l 1ed w i th  
[ ^ S ]  -meth io n in e  o r  ' ^ 1 .  U n in f e c t e d  (U)
BSC-1 c e l l s  and c e l l s  I n f e c t e d  ( I )  a t  10 p . f . u . /  
c e l l  and l a b e l l e d  w i t h  [^ '* S ]- m e th io n in e  from 
6 to  6 .5h  pos t  i n f e c t i o n  were  a l s o  in c lu d e d .  
Numbering o f  the  p o l y p e p t id e s  i s  e x p la in e d  in 
c h a p te r  1». The scheme on the  r i g h t  r e f e r s  to  
v i r u s  p o ly p e p t id e s  p re s e n t  in in f e c t e d  c e l l s  
and  th a t  on the  l e f t  to  p o l y p e p t id e s  (a r ro w e d )  
w h ich  a r e  seen in v i r u s  p a r t i c l e s .
TABLE 1
Development o f gu inea pig a n t ib o d ie s  to  p ro te in s  
p u r if ie d  from ro ta v ir u s  p a r t ic le s
f  The an tib ody s ta tu s  is  graded from no response ( - ) ,  
s ig n i f i c a n t l y  p o s it iv e  (+) to  s t ro n g ly  p o s it iv e  (+++).
* IP  - Immune p r e c ip i t a t io n ,  IF  ■ Im m unofluorescence.
# The an tibody response to  V P 3 * ,1** was shown by Immune 
p r e c ip it a t io n  to  be a g a in s t  VP2 ; a l l  o th e rs  were s p e c i f ic  
fo r  the Immunogen used.
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6 . 1 . 3  ( C o n t ' d . )
po lyp ep tid e  was not sim p ly re la te d  to  the q u a n t ity  o f 
immunogen in je c te d . W h ile  in genera l the most prominent 
po lyp ep tid es (VP2, VP6 and V P7 .1 ) produced the e a r l i e s t  
immune response, the  r e la t io n s h ip  between q u a n t ity  o f 
immunogen in je c te d  and the immune response i t  e l i c i t e d  
was com p lica ted . We have estim ated  the percentage 
o f each p o lyp ep tid e  in  the v ir u s  p a r t ic le s  from our 
own data and th a t p ro v id ed  by Novo and Esparza (1 9 8 1 ), 
and from th is  we have estim ated  the q u a n t ity  o f each 
p o lyp ep tid e  in je c te d  (see  ta b le  2 ) .  Of inn er s h e ll 
p ro te in s , an estim ated  10-15 M9 o f VP1 was in je c te d  and 
a poor immune response was seen o n ly  a f t e r  6 in je c t io n s .  
100-200 pg and 400-600 Mg o f VP2 and VP6 were in je c te d  
re s p e c t iv e ly  but the  immune response to  VP2 was seen 
e a r l i e r  than th a t to  VP6 , a lthough  VP6 e v e n tu a lly  e l i c i t e d  
a good immune response. Of the m ajor o u te r  s h e ll p ro te in s , 
120-160 pg o f VP7.1 and 50-80 Mg o f VP7.2 were in je c te d .
An Immune response to  VP7.1 was seen as q u ic k ly  as th a t to  
VP6. The response to  VP7.2 lagged behind by one in je c t io n .  
6-10 Mg Of VP10, 4-8 Mg o f VP3* 4* and 10-15 Mg o f VP4.2 
were in je c te d , and o f  th e se , VP10 e l i c i t e d  an e x c e lle n t  
Immune response w h ile  th a t  to  the  o th e rs  was poor.
F in a l b leeds w ere taken when the an tib o dy response 
reached a p la teau  o r ,  in the  case  o f VP1 , V P3*,4* and 
VP4.2 a t  the end o f th e  experim ent. Fo r most p o lyp e p tid e s .
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6 . 1 . 3  ( C o n t ' d )
an tiserum  was c o lle c te d  a f t e r  each o f a number o f 
In je c t io n s  b u t, as the amount o f an tibody in each 
serum sample v a r ie d ,  one sample was chosen o f the 
sera  a g a in s t  each p o lyp ep tid e  fo r  use In subsequent 
experim ents.
6 .2 C h a ra c te r is a t io n  o f m onospecific  a n t is e r a  by immune 
p r e c ip it a t io n  o f In fe c te d  c e l l  e x tra c ts  and p u r if ie d  
v t ru s .
Immune p r e c ip it a t io n  was used both to  screen fo r  
development o f an an tib o d y  response, and to te s t  the 
s p e c i f i c i t y  o f  the m onospecific  a n t is e r a .  The screen ing  
r e s u lt s  a re  shown in Tab le  1. I n i t i a l l y ,  immune 
p r e c ip it a t io n  fo llo w ed  by PAGE showed tha t the sera  were 
not m o n o sp ec ific . The p o s s ib i l i t y  th a t aggregates in 
in fe c te d  c e l l s  were p r e c ip ita te d  by a n t is e ra  a g a in s t any 
one o f them was in v e s t ig a te d  by using  more s t r in g e n t 
dena tu ring  co n d it io n s  co n ta in in g  21 SOS and 5% BME a t  
100*C fo r  2 m in. Samples were denatured by th is  
treatm ent be fo re  d i lu t io n  in d e te rg en t b u ffe r  fo r  immune 
p r e c ip i t a t io n .  As can ba seen in f ig s .  3 and k, th is  
p ra traa tm an t d ra m a t ic a lly  In creased  the s p e c i f i c i t y  of 
immune p r e c ip i t a t io n .  B e fo re  d a n a tu ra t lo n , oVP2 and 
oVP6 both p r e c ip ita te d  VP2, VP3, VP6 and a po lypep tide  
m ig ra tin g  below VP3 ( f i g . 3 ) .  These p o lyp ep tid es th e re fo re
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C e lls  in fec ted  w ith  5 p . f . u . / c e l l  c a l f  
ro ta v iru s  ( In )  were Immune p re c ip ita te d  
w ith  fo e ta l c a l f  serum (C6) , an tiserum  
a g a in s t c a l f  ro ta v ir u s  (C l )  or w ith  
m onospecific a n t is e r a  aVP2 and aVP6.
Two b leeds o f each a n tise ru m  were used 
to immune p r e c ip it a t e  non-denatured 
in fec ted  c e l l  samples (Non-Denat. ) ,  
and the re s u lts  were compared to immune 
p r e c ip ita te s  o f denatu red  and reduced 
in fec ted  c e l l  samples (D e n a t . ) ,  as 
exp la ined  in the te x t .  The u n in fec ted  
c e l l  p r o f i le  is  shown on the right hand 
s id e . V iru s  p ro te in s  a re  la b e l le d  on 
the l e f t  hand s id e .
Denat. Non Denat.
I—  I i--------------- 1
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F i g . 3 C e l l s  i n f e c t e d  w i t h  5 p . f . u . / c e l l  c a l f  
r o t a v i r u s  ( I n )  were  immune p r e c i p i t a t e d  
w i t h  f o e t a l  c a l f  serum (C6) , a n t is e ru m  
a g a i n s t  c a l f  r o t a v i r u s  ( C l )  o r  w i t h  
m o n o s p e c i f i c  a n t i s e r a  aVP2 and aVP6 .
4
Two b le e d s  o f  each  a n t is e ru m  w ere  used 
to  immune p r e c i p i t a t e  non-denatu red  
in f e c t e d  c e l l  samples (N on-D enat. ) ,  
and th e  r e s u l t s  were  compared to  immune 
p r e c i p i t a t e s  o f  d ena tu red  and reduced 
i n f e c t e d  c e l l  samples ( D e n a t . ) ,  as 
e x p la in e d  in the  t e x t .  The u n in f e c t e d  
c e l l  p r o f i l e  i s  shown on the  r ig h t  hand 
s i d e .  V i r u s  p r o t e in s  a r e  l a b e l l e d  on
the l e f t  hand s i d e .
Denat. Non Denat.
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C e lls  In fe c te d  w ith  5 p . f . u . / c e l l  c a l f  
ro ta v iru s  ( In )  were Immune p r e c ip ita te d  
w ith  an tiserum  a g a in s t c a l f  ro ta v ir u s  
(C l )  o r w ith  m onospecific  a n t is e r a  aV P7 .1 , 
aVP7.2 and aV P IO . As In f i g . 3» immune 
p r e c ip ita te s  o f non-denatured in fe c te d  
c e l l  samples (Non-Denat.) were compared 
to  immune p r e c ip it a te s  o f denatured and 
reduced samples (D e n a t .) .  Two b leeds o f 
aVP7.2 were compared using  non-denatured 
c e l l s .  V iru s  p ro te in s  a re  la b e l le d  on
«
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F ig C e l l s  i n f e c t e d  w i t h  5 p . f . u . / c e l !  c a l f
r o t a v i r u s  ( I n )  were  immune p r e c i p i t a t e d  
w i t h  a n t is e ru m  a g a i n s t  c a l f  r o t a v i r u s  
( C l )  o r  w i t h  m o n o s p e c i f i c  a n t i s e r a  a V P 7 .1 ,  
aV P7 .2  and a V P IO .  As in f i g . 3 , immune 
p r e c i p i t a t e s  o f  n o n -d en a tu red  in f e c t e d  
c e l l  samples (N o n -D en a t . )  w e re  compared 
to  immune p r e c i p i t a t e s  o f  d e n a tu re d  and 
reduced samples ( D e n a t . ) .  Two b le e d s  o f  
aV P7 .2  were  compared u s in g  non-denatu red  
c e l l s .  V i r u s  p r o t e i n s  a r e  l a b e l l e d  on 
the  r i g h t  hand s i d e .
i”
In a 7 .
I I
Non-Denat. 
r ------------------------— i
a 7 .2 a 7.2 a 7 .1 In Cl
• I I I I
* Non-Denat.-- ------ 1 r — i
2 o7.1 ,n “ 10 In
I I I I
6 . 2  ( C o n t ' d ) .
form an aggregate r e s is t a n t  to  the d e te rg en ts  in 'd e te rg e n t ' 
b u f fe r .  aVP7.1 and aVP7 .2  both p r e c ip ita te d  VP6 as w e ll as 
VP7 ( f i g . 4 ) ,  so \/P6 and VP7 a ls o  a s s o c ia te  in in fe c te d  c e l l s .  
aVPIO d id  not re a c t under e i t h e r  c o n d it io n . Under denatu ring  
c o n d it io n s , aVP6 p r e c ip it a te d  t in y  q u a n t it ie s  o f VP7 and VP10 
as w e ll as the main band o f VP6 but the amount o f con tam ination  
was low and r a r e ly  observed  so probab ly rep resen ted  n o n - s p e c if ic  
p rec i pi t a t  io n .
Under opt imum irrmune p r e c ip i t a t io n  c o n d it io n s ,  shown in 
f i g . 5, aVP2 p r e c ip ita te d  o n ly  V P2 , aVP6 p r e c ip ita te d  o n ly  VP6 
andHVP3* ,*»* p r e c ip it a te d  on ly  VP2. V P3*,A * a re  found o n ly  in 
v iru s  p a r t ic le s  and n o t in in fe c te d  c e l l  e x t ra c ts  and they 
a re  now thought to  be c le a va g e  p roducts o f  VP2 (E s te s  e t a l . .  
1981) so these fa c ts  co u ld  e x p la in  th is  p r e c ip i t a t io n  r e s u lt .  
However, con tam ination  o f  the immunogen w ith  VP2 cannot be 
ru led  o u t. aVP7.1 and aVP7.2 both p r e c ip it a te d  the major 
p o lyp ep tid e  VP7 and two m inor p o lyp ep tid es  m ig ra tin g  below 
VP7, w ith  m o lecu la r w e ig h ts  s im i la r  to those  expected o f VP7.1 
and VP7 .2 . In some ca se s  (see  f i g . 8) two major po lyp ep tid es  
were p re c ip ita te d  as w e l l  as one o r two m inor ones. Th is may 
r e f le c t  the  amounts o f VP7 , VP7.1 and VP7.2  In c e l l  e x tra c ts  
a v a i la b le  fo r  immune p r e c ip i t a t io n .  T h is  is  d i f f i c u l t  to 
determ ine because on PAGE VP7.2 may be masked by VP8 even 
when p resen t in f a i r l y  la rg e  q u a n t i t ie s .  In  the case  o f 
f i g . 8, I t  appears th a t  th e  m ajor p r e c ip i t a t e s  a re  o f VP7
-  2 6 5  -
PAGE o f immune p r e c ip it a t io n  from [ ^ S ]  
m e th io n in e- lab e lle d  c e l l  e x t r a c ts  in fe c te d  
w ith  5 p . f . u . / c e l l  and pu lse  la b e l le d  from 
6 to  6.5h p o s t- In fe c t  io n . T racks show the 
unprocessed in fe c te d  c e l l  e x t r a c t  ( In) o r 
e x tra c ts  p re c ip ita te d  w ith  the v a r io u s  
a n t is e r a  ( a ) .  Two minor p o lyp ep tid es  
p re c ip ita te d  by aVP7.1 and aVP7 .2  a re  
arrow ed. Numbers on the l e f t  and r ig h t  
r e fe r  to  v iru s  po lyp ep tid es  o f in fe c te d  
c e l l s .
*
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F ¡g . 5 PAGE o f immune p r e c ip it a t io n  from [ ^ S ]
m e th io n in e - la b e lle d  c e l l  e x tra c ts  in fe c te d  
w ith  5 p . f . u . / c e l l  and pu lse  la b e l le d  from  
6 to 6.5h p o s t- in fe c t  io n . Tracks show the 
unprocessed in fe c te d  c e l l  e x tra c t  ( In) o r  
e x t ra c ts  p r e c ip it a te d  w ith  the v a r io u s  
a n t is e r a  ( a ) .  Two m inor p o lyp ep tid es  
p r e c ip ita te d  by aVP7.1 and aVP7.2 a re  
arrow ed . Numbers on the l e f t  and r ig h t  
r e fe r  to  v ir u s  p o lyp ep tid es  o f in fe c te d
c e l l s .
o
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6 .2 (Cont'd).
and/or VP7.1 and V P7 .2 . T h is  c e l l  e x t ra c t  was pu lse  
la b e l le d  fo r  1h ( lo n g e r  than the usual 30 min) so more 
c le a vag e  steps than usual may have o ccu rred . aV/PIO never 
p r e c ip ita te d  VP10 from in fe c te d  c e l l s ,  even though the 
an tib o d y  response o f VP10 was judged to be h igh by b r ig h t ,  
s p e c i f ic  im m unofluorescence. In f i g . S ,  small amounts o f 
VP2 were p r e c ip ita te d  but t h is  was an ab e rren t r e s u lt  as 
i t  was on ly  observed on t h is  o c c a s io n . The p o s s ib i l i t y  
th a t aVPIO  bound o n ly  w eak ly to  VP10 and th a t th is  binding 
was d im in ished  by standard  d e te rg en t b u ffe r  was in ve s t ig a te d  
by a ttem pting  to  immune p r e c ip i t a t e  w ith  reduced q u a n t it ie s  
o f d e te rg en t in the b u f fe r .  A n tigen  was prepared and immune 
complexes p r e c ip ita te d  in b u ffe r  co n ta in in g  0.5% NPkO as the 
o n ly  d e te rg e n t, but VP10 was s t i l l  not p re c ip ita te d  under 
these  c o n d it io n s . The f a c t  th a t  VP10 Is  p re c ip ita te d  ve ry  
w eak ly by a l l  p o ly s p e c if ic  a n t is e r a  has been d iscussed  in 
ch ap te r 5. T h is  is  not due to  la ck  o f immunogenicity o f 
VP10, and la t e r  experim ents show th a t  i t  is  not due to  lack  
o f antibody in  oVPIO a n tise ru m . aVPI and aVPk.2 d id  not 
p r e c ip i t a t e  any p ro te in  from in fe c te d  c e l l s  ( f i g . S ) ,  but as 
these  two a n t is e r a  a ls o  gave a v e ry  weak Immunofluorescent 
response ( f i g . 7 ) ,  t h is  was p robab ly  due to  the f a c t  th a t 
th e re  was In s u f f i c i e n t  a n t ib o d y .
Immune p r e c ip i t a t io n  was a ls o  done w ith  each o f the 
m onospec ific  a n t is e r a  and ^ S- m e th Io n In e  la b e lle d  v iru s
2 6 7  -
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because (1 ) a n t is e r a  th a t p r e c ip ita te d  s p e c i f ic  po lyp ep tid es  
In in fe c te d  c e i l s  could behave d i f f e r e n t ly  w ith  p u r if ie d  
v i r u s ,  e .g . by re cogn is ing  fu r th e r  m o d if ic a t io n s  o f the 
p o lyp e p tid e , (2 ) a n t is e r a  a g a in s t p o lyp ep tid es  present in 
p u r if ie d  v ir u s  but not e a s i l y  demonstrated in in fe c te d  
c e l l s  (e .g .  VP1* .2) may p r e c ip it a te  these  po lyp ep tid es from 
v ir u s  p a r t i c le s ,  (3) aVP7.1 and a VP7.2 might be d is t in g u is h ­
a b le  from one ano ther by the p r e c ip ita te s  they form from 
v ir u s  p a r t ic le s  ( l . e .  i f  VP7.1 and/or VP7.2 have a d i f f e r e n t  
co n fig u ra t io n  in v iru s  p a r t ic le s  than in in fe c te d  c e l l s  the  
a n t is e r a  may re a c t  s p e c i f i c a l l y  w ith  aVP7.1 o r a V P 7 .2 ) .  
However in a l l  cases the immune p r e c ip it a t io n  p a tte rn s  w ith  
these  a n t is e r a  were the same as w ith  in fec ted  c e l l  e x t ra c ts  
( f i g . 6 ) .  The immune p r e c ip ita t io n  p a tte rn  from p u r if ie d  
v ir u s  w ith  aVP7.1 and aVP7 .2  was s im p ler as they both 
p r e c ip ita te d  VP7.1 and VP7.2 o n ly . These po lyp ep tid es 
were p r e c ip ita te d  by aVP7.1 and aVP7.2 to  the same ex ten t 
and both a n t is e r a  p re c ip ita te d  VP7.2 w eak ly . T h is  was 
probab ly due to  the fa c t  th a t VP7.2 is  a minor p o lyp e p tid e , 
(bu t the a n t ig e n ic i t y  o f VP7.2 may be su sce p tib le  to 
d e te rg en t o r o th e r fa c to rs  In the immune p r e c ip ita t io n  
r e a c t io n ) .  VP10 was not p re c ip ita te d  from p u r if ie d  v i r u s ,  
nor were V P S * ,1**, VP1« .2 o r  VP1.
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F ig .6  PAGE o f immune p r e c ip i t a t io n  o f p o ly ­
p ep tid es  from ro ta v ir u s  p a r t ic le s  
grown in the p resence o f ^ S - m e th io n in e . 
The v ir u s  p a r t i c l e  p r o f i l e  (V ) is  shown 
on the l e f t  hand s id e  and in fe c te d  c e l l s  
( In )  a re  used as marker t r a c k s .  The 
immune p r e c ip i t a t e s  o f the v a r io u s  
m onospec ific  a n t is e r a  (a )  a re  la b e lle d  
a t  the top . Numbers on the  l e f t  r e fe r  
to  p o lyp ep tid es  from ro ta v ir u s  p a r t ic le s  
and those on the r ig h t  to  v iru s  p o ly ­
p ep tid es  o f in fe c te d  c e l l s .
F ig.6 PAGE of immune precipitation of poly­
peptides from rotavirus particles 
grown in the presence of ^S-methionine. 
The virus particle profile (V) Is shown 
on the left hand side and infected cells 
(In) are used as marker tracks. The 
immune precipitates of the various 
monospecific antisera (a) are labelled 
at the top. Numbers on the left refer 
to polypeptides from rotavirus particles 
and those on the right to virus poly­
peptides of infected cells.
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Immunofluorescence was used as a method o f screen ing  fo r  
development of the an tib o d y  response, and a method o f 
t i t r a t io n  o f the po tency o f the a n t is e r a .  The use of 
Evans b lue as a c o u n te rs ta in  a f t e r  f lu o re s c e n t  s ta in in g  
gave non-f1uo rescen t reg ions a dark red appearance w h ile  
f lu o re scen ce  was b r ig h t  green so the c o n tra s t  was 
e x ce p tio n a lly  good and f lu o re sce n ce  was e a s i l y  d e te c ted . 
Very weak f lu o re s c e n ce  appeared y e llo w  to  pa le  green . 
Immunofluorescence was more a s e n s it iv e  screen ing  te s t  
than immune p r e c ip i t a t io n .  However, I t  gave no In fo rm ation  
on the m o n o s p e c if ic ity  o f the a n t ib o d y . Antibody t l t r e s  
fo r  each o f the a n t is e r a  were determ ined using 0.5 log to 
d i lu t io n s  and a re  g iven  In ta b le  3. aV P2 , aVP6 and aVP7.2 
a l l  gave roughly 50% o f optimum flu o re s c e n ce  a t  a d i lu t io n  
o f 1/330. aVP7.1 gave  50% optimum flu o re sc e n ce  a t  '/ l0 0 ,  
and aVPIO gave 50% optimum flu o re sc e n ce  a t  '^33 . a lthough 
a t  1/l0 VP10 showed b r ig h te r  f lu o re sce n ce  than any o th e r 
a n t is e r a .
The p a tte rn  o f  f lu o re sce n ce  g iven  by each o f the 
m onospecific  a n t is e r a  was examined. In each ca se , the 
p a tte rn  was b road ly  s im i la r  as seen In  f i g . 7. F luo rescence  
was cy to p la sm ic , o f te n  patchy and most in ten se  In the 
p e r in u c le a r  re g io n . Some spots o f f lu o re sce n ce  were a ls o  
seen over the n u c le u s , e s p e c ia l ly  w ith  aVP6 ( f i g . 7 ) .  I t  Is
6 .3  C h a r a c t e r i s a t i o n  o f  the  m o n o s p e c i f ic  a n t i s e r a  by i n d i r e c t
immunof1u o re s c e n c e .
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Immunofluorescence was used as a method o f screen ing  fo r  
development o f the a n t ib o d y  response, and a method o f 
t i t r a t io n  o f the potency o f the a n t is e r a .  The use o f 
Evans b lue as a c o u n te rs ta in  a f t e r  f lu o re s c e n t  s ta in in g  
gave non-fIu o rescen t re g io n s  a dark  red appearance w h ile  
flu o re sce n ce  was b r ig h t  green so the c o n tra s t  was 
e x ce p t io n a lly  good and f lu o re s c e n ce  was e a s i l y  d e te c ted . 
Very weak flu o re sce n ce  appeared y e llo w  to p a le  g reen. 
Immunofluorescence was more a s e n s it iv e  screen ing  te s t  
than immune p r e c ip i t a t io n .  However, i t  gave no in form ation  
on the m o n o sp e c if ic ity  o f  the a n t ib o d y . Antibody t i t r e s  
fo r  each o f the a n t is e r a  were determ ined using  0 . 5  log 10  
d i lu t io n s  and a re  g iven  in  ta b le  3* aVP2, aVP6 and aVP7.2 
a l l  gave roughly 5 0 % o f optimum flu o re s c e n ce  a t  a d i lu t io n  
o f  '/330 . aVP7.1 gave 50% optimum flu o re sce n ce  a t  ' / 1 0 0 , 
and oVPIO gave 50% optimum flu o re sc e n ce  a t  *^33. a lthough 
a t  1/l0 VP10 showed b r ig h te r  f lu o re sc e n ce  than any o th e r 
a n t is e r a .
The p a tte rn  o f f lu o re s c e n ce  g iven  by each o f the 
m onospecific  a n t is e r a  was examined. In each case , the 
p a tte rn  was broad ly s im i la r  as seen in f i g . 7 . F luo rescence  
was cy to p la sm ic , o fte n  patchy and most In ten se  In the 
p e r in u c le a r  reg ion . Some spots o f  f lu o re sce n ce  were a ls o  
seen over the n u c leu s , e s p e c ia l ly  w ith  0 VP6 ( f i g . 7 ) .  I t  is
6 .3  C h a r a c t e r i s a t i o n  o f th e  m o n o s p e c i f i c  a n t i s e r a  by i n d i r e c t
im m unofluo rescence .
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^ ¡9 - 7  Immunofluorescence o f c e l l s  In fe c te d  
w ith  c a l f  ro ta v iru s  a t  5 p . f . u . / c e l l  
fo r  19h a t  37°C and fix ed  w ith  methanol 
a t  *70 °C . Immunofluorescence was c a r r ie d  
out by the standard method using 
a ) preimmune serum, b) o V P l, c )  aVP2,
d) aVP3*,<**, 3) aV Pk .2 , f )  aVP6 ,
g ) aVP7.1 , h ) aVP7.2 J )  oVPIO and 
k) Cl serum.
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Immunofluorescence o f c e l l s  in fe c te d  
w ith  c a l f  r o ta v ir u s  a t  5 p . f .u . / c e l l  
fo r  19h a t  37°C and fix ed  w ith  methanol 
a t  "70 °C . Immunofluorescence was c a r r ie d  
out by the standard  method using 
a ) preimmune serum, b) a V P I , c )  aVP2, 
d) aVP3 * , l* * , 3 ) aVPi*.2 , f )  aVP6 ,
g ) aVP7 .1 , h ) aVP7.2  J )  aVPIO and 
k) Cl serum.


6.3  (C o n t 'd .)
not p o ss ib le  to  say i f  these  f lu o re s c e n t  spots a re  
a c tu a l ly  in th e  nucleus o r in the cytop lasm  covering  the 
n u c leu s . No membrane f lu o re sce n ce  was de tected  e ith e r  
in unfixed c e l l s  or in c e l l s  f ix ed  in 1 0 % formaldehyde 
(o r g lu ta ra ld e h yd e ) even though V P7 .1 , VP7.2 and VP10 
a re  g ly c o p ro te in s .
The tim e course  o f the appearance o f v iru s  an tigen s 
was a ls o  s tu d ie d . A lthough ro ta v iru s  p ro te in  s yn th e s is  is 
d e te c tab le  by Ah a f t e r  in f e c t io n ,  f lu o re sce n ce  was not 
e a s i ly  d e te c ta b le  using any a n t is e r a  u n t i l  8h a f t e r  
In fe c t io n  ( t a b le  3 ) .  Some weak and p a le  f lu o re scen ce  was 
v is ib l e  a f t e r  6 h . I t  was in te re s t in g  th a t a l l  an tig en s  
were d e te c ta b le  a t  the same tim e, s in ce  the syn th es is  o f some 
an tig en s  d e te c ted  by in co rp o ra tio n  o f ^ S-m e th io n in e  In to  
s p e c i f ic  p ro te in s  is  d e te cted  e a r l i e r  than o th e rs  - no tab ly  
VP6 which is  d e te c ta b le  a f t e r  2h (see  ch ap te r A ).
Cytop lasm ic im m unofluorescence was optim al a t  12h p . l .  and 
th is  was the tim e  norm ally  chosen fo r  f ix a t io n  o f c e l l s .
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6 .4  Id e n t i f ic a t io n  o f ro ta v iru s  g ly c o p ro te in s  and th e ir  
p recu rso rs  by immune p r e c ip it a t io n  o f c e i l s  tre a te d  
w ith  tu n icam yc ln .
Po lyp e p tid e s  VP7, V P7 .1 , VP10 and VPIOc have a lre a d y  
been shown to  be absent from in fe c te d  c e l l s  tre a te d  w ith  
tun icam ycin  (s e c t  ion l».3 , McCrae and Faul kner-Val le ,  19 8 1 ) .  
The purpose o f th is  experim ent was to  compare p r e c ip it a t io n  
by the a n t is e r a  VP7.1 and VP7.2 which both p r e c ip it a te  the 
same po lyp ep tid es  when th e re  is  normal g ly c o s y la t io n .
VP7.2 had not been id e n t if ie d  as a g ly c o p ro te in ,  so 
id e n t if ic a t io n  o f the Immune p r e c ip it a te s  o f ctVP7.2 would 
be expected to  shed fu r th e r  l ig h t  on the re la t io n s h ip  o f 
VP7.1 and VP7.2 and to  determ ine w hether both were 
g ly c o p ro te in s .
Tun icam ycln- treated  and u n trea ted  c e l l s  were f i r s t  
p r e c ip ita te d  w ith  a n t i- r o ta v ir u s  serum G203 [ f ig *  8 ( 1 ) ] .  
P re cu rso r p ro te in s  VP12 and the broad and In d is t in c t  vpr7  
(VP12 is  a p recu rso r o f VP10 and vpr7  is  a p racu rso r o f 
VP7) were p re c ip ita te d  from tu n icam yc ln - trea ted  c e l l s  but 
not from u n trea ted  c a l l s .  The vpr7 p r e c ip ita te d  may 
rep resen t more than one p recu rso r p o lyp ep tid e  fo r  VP7,
VP7.1 and VP7 .2 . In u n trea ted  c a l l s  VP7, VP7.1 and VP10 
were p r e c ip ita te d  (more o f VP7.1 was p re c ip ita te d  than o f 
VP7 and VP10 was In e f f i c i e n t l y  p r e c ip it a te d )  and more o f 
these th ree  were p re c ip ita te d  from c a l l s  tre a te d  w ith  
tun icam ycln . No p r e c ip i t a t e  o f VP7.2 cou ld  ba seen, as
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6 .* *  ( C o n t ' d . )
th is  was masked by a strong  p r e c ip it a t e  o f VP8 in c e l l s  
la b e l le d  in the presence and absence o f tu n icam yc in .
F i g . 8 ( i i )  shows the p o lyp ep tid es  immune p re c ip ita te d  
from tu n icam yc in - tre a ted  and un trea ted  c e l l s  w ith  pre-immune 
serum and w ith  aVP7.1 and aV P7 .2 . Preimmune serum d id  not 
p r e c ip it a t e  any p ro te in  in e i t h e r  ca se . aVP7.1 and <*VP7.2 
both p re c ip ita te d  the same two m ajor bands from in fe c te d  
c e l l s  w ith o u t tun icam ycin  - one m ig ra tin g  in the reg ion  o f 
VP7/VP7.1 and the  o th e r m ig ra tin g  as expected fo r  VP7 .2 .
F ig .  8 (1 ) suggested th a t VP7 was a lm ost co m p le te ly  processed 
to  VP7.1 in these  c e l l s  so the s low er m ig ra tin g  band 
probab ly rep resen ts  m ostly  VP7.1 which is  masking VP7. At 
le a s t  one minor p o lyp ep tid e  was a ls o  p r e c ip ita te d  from these 
c e l l s  (p robab ly  v p r 7 ) . aVP7.1 and aVP7.2 both p re c ip ita te d  
two po lyp ep tid es  from  tu n icam yc In - trea ted  c e l l s  and these 
re so lved  as two m inor sp ec ie s  com ig ra ting  w ith  v p r 7 , but the 
p r e c ip it a t io n  was In e f f i c i e n t .  These r e s u lt s  co n firm  tha t 
VP7.2 Is  a g ly c o p ro te in ,  and suggest th a t vp r7  c o n s is ts  o f 
a t  le a s t  two p o lyp ep tid es  which share a t  le a s t  one 
a n t ig e n ic  de term inan t w ith  VP7, VP7.1 and V P7 .2 .
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a )  Immune p r e c ip it a t io n  ( I P )  from ro ta v iru s  
in fec ted  ( I ) ,  tun icamyc in - trea te d  (-»-Tun) 
and un trea ted  (-Tun) BSC-1 c e l l s  w ith  
G203, aVP7.1 o r  aVP7.2  a n t is e r a .  C e l ls  
In fe c ted  a t  5 p . f . u . / c e l l  were incubated 
a t  37°C In the  presence  o r  absence o f 
5 ug/ml tun icam ycIn  and p u ls e - la b e lle d  
w ith  t^ S ]- m e th io n in e  a t  6 -6 . 5 h post 
In fe c t io n . The numbers on the l e f t  r e fe r  
to v iru s  po lyp ep tid es  In  in fe c te d  c e l l s  
and numbers and arrow s on the r ig h t  r e fe r  
to  the Im m une-precip ltated p o lyp ep tid es .
b) Immune p r e c ip it a t io n  o f  samples as above 
w ith  aVP7.1 , aVP7.2 o r  preimmune (P )  serum. 
The numbering system Is  the same as above.
IP  - T IP  + T
i
277
Immune p r e c ip i t a t io n  ( I P )  from ro ta v iru s  
in fe c te d  ( I ) ,  tu n icam yc in - trea ted  (+Tun) 
and u n trea te d  (-Tun) BSC-1 c e l l s  w ith  
G203, aVP7.1 o r  aVP7.2  a n t is e r a .  C e l ls  
in fe c te d  a t  5 p . f . u . / c e l l  were incubated 
a t  37°C in th e  presence o r  absence of 
5 ug/ml tu n icam yc in  and p u ls e - la b e lle d  
w ith  [^ $ ]- m e th io n  ine a t  6 -6 . 5h post 
in f e c t io n .  The numbers on the l e f t  r e f e r  
to  v ir u s  p o lyp e p tid e s  in in fe c te d  c e l l s  
and numbers and arrow s on the r ig h t  r e fe r  
to  the im m une-precip ita ted p o lyp ep tid es .
Immune p r e c ip i t a t io n  o f samples as above 
w ith  aV P7 .1 , aVP7.2  o r  preimmune (P )  serum. 
The numbering system Is  the same as above.
P - T IP  + T
i
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6 . 5  A r e  t h e  m o n o s p e c i f i c  a n t i s e r a  t y p e - s p e c i f i c ?
6 .5 .1  Immune p r e c ip i t a t io n  o f p o rc ine  ro ta v ir u s  po lyp ep tid es  
w ith  m onospec ific  a n t i s e r a .
E x t r a c ts  o f  c e l l s  In fe c te d  w ith  the OSU s t r a in  o f po rc ine  
ro ta v ir u s  were Immune p r e c ip ita te d  by aVP2, aVP6 , a V P 7 .t , 
aVP7.2 and aVPIO . These m onospecific  a n t is e r a  p r e c ip i ­
ta ted  the same p o lyp e p tid e s  from c e l l s  In fe c te d  w ith  
p o rc in e  r o ta v ir u s  a s  they d id  w ith  c a l f  r o ta v ir u s  
p o ly p e p t id e s , l . e .  VP2 was p r e c ip ita te d  by aVP2 , VP6 by 
aVP6 and the  VP7 group o f p o lyp ep tid es  by aVP7.1 and 
aV P7 .2 . VP10 was n o t p r e c ip ita te d  by aVPIO  ( f i g . 9 ) .
Some o f  the  o th e r p o lyp ep tid es  were a ls o  non-spec I f le a  11 y 
p r e c ip it a te d  - aVP2 and aVP6 a ls o  p r e c ip it a te d  some of 
VP3*1**, VP8 , VP2 (b y  aVP6 ) ,a n d  VP6  (by aVP2) and some 
VP6 was a ls o  seen in  the p r e c ip it a te s  o f a V P 7 .1 , oVP7.2 
and aV P IO . The OSU p o lyp e p tid e s  were p robab ly  
in s u f f i c i e n t l y  d is a s s o c ia te d  f o r  a co m p le te ly  s p e c i f ic  
r e a c t io n . However, I t  Is  e v id e n t th a t none o f the mono- 
s p e c i f ic  a n t is e r a a r e  t y p e - s p e c if ic  a s  determ ined by 
immune p r e c ip i t a t io n ,  but th is  does not r u le  out the fa c t  
th a t  they may have t y p e - s p e c if ic  de te rm ln en ts  as w e ll as 
g ro u p - s p e c if ic  d e te rm in en ts . A d so rb tlon  o f  the a n t is e ra  
to  the a p p ro p r ia te  p o lyp ep tid e  from OSU Im m obilised to  a 
s o l id  support ( r a th e r  than ad so rb tlo n  to  v i r u s  p a r t ic le s  
In which o n ly  p a r t  o f  the p o lyp ep tid e  is  exposed) would 
adsorb o u t a l l  the group s p e c i f ic  a n t ib o d ie s .  One cou ld  
then t e s t  fo r  ty p e - e p e c lf Ic  a n t ib o d ie s  by Immune
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f j g . 9  PAGE o f  immune p r e c ip it a t io n  o f  c e l l s
in fe c te d  w ith  OSU p o rc in e  ro ta v ir u s  using 
m onospec ific  a n t is e r a  a g a in s t  c a l f  ro ta v iru s .
In fe c te d  c e l l s  were p u ls e - la b e lle d  from 
6 to  6 .5h P . l .  T racks show c e l l s  In fe c ted  
w ith  ca l f  ro ta v ir u s  ( In )  and O SU-In fected  
c e l l s  p r e c ip ita te d  w ith  the v a r io u s  
a n t is e r a  ( a ) .  V iru s  p o lyp e p tid e  o f c a lf -  
r o ta v lr u s  in fe c te d  c e l l s  a re  la b e l le d  on the 
l e f t  and p ro te in s  immune p r e c ip ita te d  from 
O SU - in fected  c e l l s  a re  la b e l le d  on the r ig h t .
- 279 -
F i9«9 PAGE o f immune p r e c ip ita t io n  o f c e l l s
in fe c te d  w ith  OSU p o rc ine  ro ta v iru s  using  
m onospecific  a n t is e ra  a g a in s t c a l f  r o ta v ir u s .
In fe c ted  c e l l s  were p u lse - la b e lle d  from 
6 to  6 . 5 h p . i .  Tracks show c e l l s  In fe c te d  
w ith  c a l f  r o ta v ir u s  ( In )  and O SU-infected 
ce l 1 s p r e c ip it a te d  w ith  the va r io u s  
a n t is e r a  ( a ) .  V iru s  po lyp ep tid e  o f c a l f -  
ro ta v lru s  in fe c te d  c e l l s  a re  la b e lle d  on the 
l e f t  and p ro te in s  immune p re c ip ita te d  from 
O SU-in fected  c e l l s  a re  la b e lle d  on the r ig h t .
o 7.1 t»7.2 a10
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6 . 5 . 1  ( C o n t ' d . )
p r e c ip it a t io n  o f c a l f  r o ta v iru s  p o lyp ep tid es  w ith  the 
unadsorbed serum.
6 . 5 . 2  Immunofluorescence o f po rc in e  ro ta v iru s  in fe c te d  c e l l s  
w ith  the m onospecific  a n t is e r a .
Type s p e c i f i c i t y  o f the m onospecific  a n t is e r a  was a ls o  
in v e s t ig a te d  by te s t in g  the immunof1 uorescen t re a c t io n  
o f each o f them w ith  c e l l s  in fe c te d  w ith  a d i f f e r e n t  
ro ta v ir u s  se ro typ e , i . e .  w ith  OSU. aVP2, aVP6 , aVP7.1 
and aVP7.2 a i l  had a strong immunof1uo rescen t re a c t io n  
w ith  po rc in e  ro ta v ir u s  in fe c te d  c e l l s  and o n ly  VP10 had 
a weak immunof1uorescent response ( f i g .  10 ). T h is  cou ld  
mean th a t VP10 is  a ty p e - s p e c if ic  an tig en  but cou ld  
a ls o  in d ic a te  th a t OSU syn th e s ise s  le s s  VP10 than c a l f  
ro ta v ir u s  so th a t la c k  o f f lu o re sce n ce  may r e f l e c t  a 
la ck  o f a n t ig e n . However, s in ce  O SU-infected c e l l s  seen 
in f i g .  1 1  ch ap te r 5 appeared to  syn th e s ise  a t  le a s t  as 
much VP10 as c e l l s  in fe c te d  w ith  c a l f  ro ta v ir u s  and 
s in c e  VP10 is  an o u te r  s h e ll g ly c o p ro te in  a p p a re n tly  
In vo lved  in n e u t r a l iz a t io n  (ch ap te r 7 ) ,  type s p e c i f i c i t y  
o f VP10 Is  s tro n g ly  suspected . The o u te r s h e ll g ly c o ­
p ro te in s  VP7.1 and p a r t i c u la r ly  VP7.2 a re  expected to 
have ty p e - s p e c if ic  a n t ig e n ic  determ inants but may a ls o  
have a h igh p ro p o rtio n  o f g ro u p - sp e c if ic  de term inan ts 
which could mask the type s p e c i f i c i t y .  D enatu ra tlon  
o f VP7.1 and VP7.2 p r io r  to  immunisation may have
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P ig •I 0 Immunofluorescence o f c e l l s  in fe c te d  
w ith  po rc ine  ro ta v ir u s  (OSU) fo r  19h 
a t  37°C and f ix e d  w ith  methanol a t  
-70°C. a ) aVP2 , b) aVP6 , c )  aVP7.1 
d) aVP7.2 and e ) aVP IO , were used in 
standard immunofluorescence procedure
the
d)
 a
7.
2 
e)
 
al
O
F î g . 1 0 Immunofluorescence o f c e l l s  in fec ted  
w ith  p o rc ine  ro ta v iru s  (OSU) fo r  19h 
a t  37°C and fix ed  w ith  methanol a t  
-70°C. a ) aVP2, b) aVP6 , c ) «V P7 .1 , 
d) «VP7.2 and e) aVP IO , were used in the 
standard Immunofluorescence procedure .
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destroyed  t h e ir  t y p e - s p e c i f ic i t y  and most o f aVP7.1 
and aVP7.2 may be a n t ib o d ie s  a g a in s t the g ro u p - sp e c if ic  
d e te rm in an ts , a lthough aV P7 .2  does n e u tra liz e  
in f e c t l v i t y  (ch ap te r 7 ) .  aVP2 and VP6 a re  inner s h e ll 
p o lyp ep tid es  but VP6 has subgroup s p e c i f i c i t y  
(Kal lea £ t  a l_ . , 1981) . These two po lyp ep tid es may a ls o  
have g ro u p - sp e c if ic  and ty p e - s p e c if ic  de term in an ts.
6 . 6  Id e n t i f ic a t io n  o f the ro ta v ir u s  p ro te in  tha t binds to  
ce l 1 s .
The v ir u s  p ro te in  re sp o n s ib le  fo r  b ind ing  ro ta v iru s  
p a r t ic le s  to  c e l l s  was id e n t i f ie d  by adsorb ing rad io-  
la b e l le d  p ro te in s  which a r e  fr e e  In cytop lasm ic  e x tra c ts  
(hence no d en a tu ra tlo n  is  n e ce ssa ry ) to  c e l l  m onolayers.
The experim ent was c a r r ie d  ou t as described  fo r  re o v lru s  
by Lee a t  al_. (1981b ). C ytop lasm ic  e x tra c ts  were 
prepared from ro ta v iru s  in fe c te d  c e l l s  la b e lle d  w ith  
^ S-m e th lo n ln e  fo r  6 -6 . 5h p . l . ,  d i lu te d  w ith  an equal 
volume o f GMEM ♦ 10% FCS and cen tr ifu g e d  a t  45,000 r.p .m . 
fo r  1h to  remove a g g re g a te s . A f te r  200 pi o f the 
supernatant was adsorbed to  c e l l  monolayers fo r  1 . 5 h a t  
4*C w ith  in te rm itte n t  ro c k in g , the c e l l s  were washed 5x 
In E a r le 's  s a l in e ,  ly s e d , and the ra d io a c t iv e  p ro te in s  which 
had a ttach ed  to  the c e l l s  w ere ana lysed  by PAGE. Under 
these c o n d it io n s , Lee jst a j_. (1981b) d id  not see any host 
protons bound to  the m o n o laye rs . As shown In f i g . 11, o n ly
6 . 5 . 2  ( C o n t ' d . )
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one ro ta v iru s  p ro te in  bound to  the  m onolayers. T h is  
p ro te in  com igrated w ith  VP7 .2  o r  VP8 . P u r i f ie d  v iru s  
was shown to  compete w ith  the  b ind ing  o f t h is  p ro te in  
to  c e l l s  - when the c e l l  ly s a te s  were mixed w ith  2 0 0  pg/mi 
p u r if ie d  v iru s  before  a d s o rb t io n , no la b e l le d  p ro te in  was 
seen bound to  the c e l l s  ( f i g . 1 1 ) .  These p re lim in a ry  
r e s u lt s  show th a t e ith e r  VP7 .2  o r  VP8 bound to  the c e l lu l a r  
re cep to r fo r  ro ta v ir u s .  As VP8 is  n o n - s t ru c tu ra l, VP7.2 
is  probab ly the p ro te in  invo lved . A longer exposure o f the 
g e ls  would show i f  o th e r ro ta v ir u s  p ro te in s  a ls o  bound to 
th e  c e l l s ,  but as VP7.2 was a m inor p ro te in  v e ry  few c .p .m . 
bound to  the c e l l s  - hence the  low exposure. T h is  b ind ing  
experim ent was done once o n ly ,  but the lysed  c e l l s  were 
run on two g e ls  and the same r e s u lt  was seen in bo th .
6.6 (Gont'd.)
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F ig . 1 1  Id e n t i f ic a t io n  of the ro ta v iru s  p ro te in  which 
b inds to  c e i l s .
Cytop lasm ic e x tra c ts  were prepared from in fe c te d  
c e l l s  which had been la b e lle d  w ith  3 5 S-m ethionine 
6 to  6.5h p . i .  The e x tra c ts  were adsorbed onto 
c e l l  m onolayers fo r  1.5h a t  4#C and the c e l l s  
were then washed e x te n s iv e ly ,  su b jected  to PAGE 
and ana lysed  by au to rad iog raph y to id e n t if y  
ra d io la b e l led  p ro te in s  bound to  the c e l l s .
The e x tra c ts  were a ls o  mixed w ith  u n lab e lle d  
p u r if ie d  v ir u s  p a r t ic le s  p r io r  to  adso rb tion  to 
see i f  v ir u s  competes w ith  the fr e e  p ro te in  fo r  
the c e l l  re c e p to r . T racks on the l e f t  and r ig h t  
show in fe c te d  c e l l  marker t ra c k s . C e l ls  
incubated w ith  the e x tra c t  a lo n e  a re  la b e lle d  
C e l ls  -f E, and ce l Is Incubated w ith  the e x tra c t  
and w ith  v ir u s  a re  c a l le d  C e l ls  +E+V. V iru s  
p ro te in s  a re  la b e lle d  on the l e f t  and r ig h t  
o f the photograph.
F ig .11 Id e n t i f ic a t io n  of the ro ta v iru s  p ro te in  which 
b inds to  c e l 1 s.
Cytop lasm ic e x tra c ts  were prepared from in fe c te d  
c e l l s  which had been la b e l le d  w ith  ^ S - m e th io n in e  
6 to  6.5h p . i .  The e x t ra c ts  were adsorbed onto  
c e i l  m onolayers fo r  1.5h a t  l*°C and the c e l l s  
were then washed e x te n s iv e ly ,  su b jected  to PAGE 
and an a lysed  by au to rad iog raph y to  Id e n t i f y  
r a d io la b e l 1 ed p ro te in s  bound to  the c e l l s .
The e x tra c ts  were a ls o  mixed w ith  u n lab e lle d  
p u r if ie d  v ir u s  p a r t ic le s  p r io r  to  ad so rb tio n  to  
see i f  v ir u s  competes w ith  the f r e e  p ro te in  fo r  
the c e l l  re c e p to r . T racks on the l e f t  and r ig h t  
show in fe c te d  c e l l  m arker t r a c k s .  C e l ls  
incubated w ith  the e x tra c t  a lon e  a re  la b e lle d  
C e l ls  ♦ E, and ce l Is Incubated w ith  the e x tra c t  
and w ith  v ir u s  a re  c a l le d  C e l ls  +E+V. V iru s  
p ro te in s  a re  la b e lle d  on the l e f t  and r ig h t  
of the photograph.
CHAPTER 6
DISCUSSION
M onospecific  a n t is e r a  were ra is e d  a g a in s t  se ve ra l r o ta v iru s  
po lyp ep tid es  and were used to  p ro v id e  s u b s ta n t ia l in fo rm atio n  
about ro ta v iru s  p o lyp ep tid es  in in fe c te d  c e i l s ,  in c lu d in g  the 
id e n t if ic a t io n  o f p re cu rso rs  o f c e r t a in  p ro te in s  and con firm ing  
the re la t io n s h ip  between p o lyp e p tid e s .
The induction  of an an tib o d y  response to  denatured and reduced 
po lyp ep tid es ex cised  from p o lya c ry la m id e  g e ls  has been 
described  in many v i r u s  systems in c lu d in g  herpes sim plex v iru s  
(Pow ell et  ^ a l_ ., 1 9 7 k ) ,  fo o t and mouth d ise a se  v ir u s  (Bachrach  
et_ a j_ ., 1 97 5 ;  Meloen et_ a l_ . , 1 9 7 9 )  and SVkO  (Lane and Robb ins, 
1978), and the an tib o d y  response was s u f f i c ie n t  to  in d ic a te  
th a t a t  le a s t  some Im portant immunogenic fe a tu re s  o f the 
po lyp ep tid es  had been re ta in e d  (e .g .  type  s p e c i f ic  reg ion s and 
s i t e s  invo lved  in n e u t r a l i z a t io n ) .  The q u a n t ity  o f immunogen 
needed to  ra is e  a n tib o d y  was repo rted  to  be much h ig h e r than 
the q u a n t ity  o f n a t iv e  a n t ig e n . T h is  was p robab ly due to  lo ss  
o f immunogenIcity o f  th e  p o lyp ep tid e  du ring  p rep a ra t io n  fo r  
e le c tro p h o re s is . We found the ta sk  o f r a is in g  m onospec ific  
a n t is e r a  to  ro ta v iru s  p o lyp ep tid es  was much more d i f f i c u l t  than 
a n t lc ip ta te d ,  and a pro longed In je c t io n  regime was needed 
( ta b le  1 ) .  Indeed, a f t e r  7 o r  8 In je c t io n s  the an tib o dy 
response to V P 1 , V P 3 * , k *  and V P k . 2  was s t i l l  ve ry  poor.
The two screen ing  system s used fo r  the a n t is e r a  complemented 
each o th a r s a t i s f a c t o r i l y .  Im m unofluorescence was a f a s t .
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sim ple and s e n s it iv e  t e s t ,  and p re lim in a ry  te s ts  showed tha t 
a n ti- g u in e a  pig  FITC  - con juga ted  a n t is e r a  d id  not co n ta in  a n t i ­
r o ta v ir u s  a n t ib o d ie s  and n e ith e r  t h is  nor co n tro l a n t is e ra  
induced f lu o re s c e n ce . Im m unofluorescence was a ls o  use fu l fo r  
t i t r a t i o n  o f the a n t is e r a .  However, one drawback o f Immuno­
f lu o re sc e n ce  Is  th a t  i t  does not d is t in g u is h  between our a n t i ­
body response to the in je c te d  p o lyp ep tid es  or one which may 
have been acq u ired  through r o ta v ir u s  in fe c t io n .  Immune 
p r e c ip i t a t io n ,  a lthough s low er and m a rg in a lly  le s s  s e n s it iv e ,  
was in v a lu a b le  fo r  determ in ing  the s p e c i f i c i t y  o f the a n t is e r a  
and the q u a n t ity  o f p ro te in  p r e c ip ita te d  was e a s ie r  to  judge 
by eye than the in t e n s it y  o f  f lu o re s c e n ce .
Good an tib o d y  responses to  VP2, VP6, VP7 .1 , VP7.2 and VP10 were 
ob ta ined  w h ile  those  to  VP3*,***, VPl*.2 and VP1 were weak. VP3*,<4* 
and VP1 a re  m inor v i r u s  p o lyp ep tid es  but VP^.2 Is  r e la t i v e l y  w e ll 
rep resen ted  In v i r u s  p a rtic le s  so we d id  expect an an tib ody 
response to  i t .  I t  is  a ls o  thought to  be the  Im portant t ry p s in  
c le a vag e  product o f VP3 (E s te s  e t  * [ . ,  1981), which has been 
id e n t if ie d  as the v i r a l  haem agg lu tin in ,and  Im portant fo r  growth 
and p laque fo rm ation  In t is s u e  c u ltu r e  (Greenberg e£ a K , 1981; 
K a llc a  « ¿ ¿ I . « !  1983), so I t  must have an im portant ro le  In the 
In fe c t io n  o f c e l l s .  An an tib o d y  response to  VP10 was in te re s t in g  
as some groups do not re co gn ise  I t s  e x is te n c e  in v ir u s  p a r t ic le s  
(E s te s  ejt a j_ ., 1981; Novo and Esparza , 1981).
The m o n o s p e c if ic ity  o f  the a n t is e r a  was p r im a r i ly  determ ined 
by immune p r e c ip i t a t io n  using  c e l l  e x t ra c ts  p re tre a te d  w ith  2%
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SOS and 5% BME a t  100°C fo r  2 min as t h i s  treatment helped to 
d isag g reg ate  complexes and prevent n o n - sp e c if ic  c o - p re c ip ita t io n  
o f p o lyp ep tid es . In the absence o f the p retrea tm ent step , VP2 
and VP6 were non-spec i f i c a l l y  p re c ip ita te d  to  the g re a te s t 
ex ten t as these two po lyp ep tid es  a re  abundant in in fe c te d  c e l l s  
and a re  m ajor c o n s t itu e n ts  o f immature v iru s  p a r t ic le s  th a t have 
been observed In In fe c te d  c e l l s  ( S a i f  e t  a l^ ., 1978) and th e re fo re  
l i k e l y  to be p re c ip ita te d  by a n t ib o d ie s  to  o th e r  an tig en s  In 
these p a r t ic le s .  M o n o sp e c if ic ity  ( i . e .  s p e c i f ic  fo r  o n ly  1 p ro te in )  
o f aVP2 and aVP6 was con firm ed , as they reac ted  w ith  o n ly  VP2 and 
VP6 r e s p e c t iv e ly ,  and was a ls o  confirm ed fo r  a V P S * ,1»*. OVP3*,***
p re c ip ita te d  on ly  VP2 probab ly because V P3 *,k *  a re  on ly  p resen t In 
minor q u a n t it ie s  in In fe c te d  c e l l s  o r  v iru s  ( f i g . 1 ) .  VP7.1 and
VP7.2 were e ith e r  Immunologleal 1 y re la te d  or a lw ays aggregated 
togeth er as th e ir  a n t is e r a  both p re c ip ita te d  these  two p o ly ­
pep tides (and th e ir  p recu rso rs  which were id e n t if ie d  by the 
use o f tu n Ica m yc in ). S in g le  dimension p ep tid e  mapping o f these  
two po lyp ep tid es  by Espe jo  e£ aj_. (1981) has confirm ed t h e ir  
r e la t io n s h ip .  Immune p r e c ip it a t io n  o f tu n icam yc ln - trea ted  
c e l l s  by aVP7.1 and aVP7.2 showed th a t vpr7 and not VP12 
was p recu rso r o f VP7, VP7.1 and VP7 .2 , a f a c t  which had not 
p re v io u s ly  been determ ined. The la ck  o f p r e c ip it a t io n  o f 
VP10 by aVPIO  was su rp r is in g  because VP10 was a ve ry  re a c t iv e  
antiserum  by IF ,  In d ic a t in g  th a t both an tig en  and antibody 
were p re sen t. Presumably even the m ild e s t treatm ent w ith  
detergent (0 .5%  NPkO) destroyed  the re le v a n t  a n t ig e n ic  
determ inants o r prevented t h e ir  a v a i l a b i l i t y  to  an tibody by
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co s t in g  tsee chap te r  5 ) .  However, s ince  denatured VPTQ 
exc ised  f rof" g e ls  is  immunogen i c , *« conclude that the Tost 
a n t ig e n ic  de te rm inan tsare  re co n s t  I tu ted  a f t e r  PAGE or 
perhaps a f t e r  in j e c t io n  in to  the  guinea p ig s .  Th is  could 
be by re fo ld in g  o f  p ro te in  or lo s s  of detergent from the 
su r fa c e .  Another p o s s ib l i t y  is  that VP10 in in fec ted  c e l l s  
is  c lo s e l y  a s so c ia te d  w ith  the membranous in c lu s io n s  seen in 
in fe c te d  c e l l s  (Chasey, 1977) and that these a re  not 
s o lu b i l i s e d  by 0.5^ NP^g. P o s s ib ly  h igher concen trâ t ions o f  
NPj, q a re  needed fo r  p rep a ra t io n  o f  the c e l l  e x t r a c t .  
A l t e r n a t i v e l y ,  as suggested in ch ap te r  5 , le ss  NP^q or 
replacement of i t  by SOS and DOC may prevent the hydrophobic 
regions o f  the p ro te in  from becoming coated w ith  m ic e l le s  o f  
the non- ion ic  de tergent and thus masked from an t ibody . 
U n fo r tu n a te ly  the lack  o f  p r e c i p i t a t i o n  of VP10 by aVPIO 
means tha t  the s p e c i f i c i t y  of t h i s  antiserum  could not be 
determ ined.
Immunofluorescence was c a r r ie d  o u t using each antiserum  in 
o rd er to  g iv e  an In d ic a t io n  o f th e  c e l lu l a r  lo c a t io n  o f each 
o f the a n t ig e n s  a t  v a r io u s  tim es a f t e r  in fe c t io n ,  fo r  exam ple, 
In most enveloped v ir u s  systems the  g lyco p o lyp ep tId es  a re  
known to  be processed In the c e l l  membranes and a re  d e te c ta b le  
on the c e l l  s u r fa c e , and some v i r u s  po lyp ep tid es  such as the 
NP and NS1 o f In flu en za  v iru s  and many s t ru c tu ra l p ro te in s  o f  
herpes sim plex v ir u s  among o th e rs  a re  a sso c ia te d  w ith  the 
nucleus (Hudson e t  a l . ,  1978; Spear and Rolzman, 1968). In
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the c a se  o f r o ta v ir u s ,  how ever, the f lu o re sce n ce  p a tte rn  
was v e r y  s im ila r  w ith  each an tise ru m  - i t  was cy to p lasm ic  
and c h a r a c t e r i s t i c a l l y  p e r in u c le a r  and p a tch y . T h is  
r e f l e c t s  the observed p a tte rn  o f  ro ta v iru s  re p l ic a t io n  in 
in fe c te d  c e l l s  where v iru s e s  a re  co n cen tra ted  in a reas  o f 
v iro p la sm  near the RER and m ature by budding in to  the RER 
(C h asey , 1977, 1980; A lten be rg  et^ a l_ . , 1980) . P e t r ie  e t 
a l . (1982) have used m on ospec ific  a n t is e r a  a g a in s t VP2,
VP6 and VP7.1 in u l t r a s t r u c tu r a l  s tu d ie s  by immunoperoxidase 
s ta in in g  and e le c tro n  m icroscopy and found th a t aVP2 and 
aVP6 la b e l le d  cytop lasm  as w e ll a s  a reas  o f v iro p lasm  and 
RER c o n ta in in g  v ir u s  p a r t i c le s ,  w h ile  aVP7.1 la b e lle d  on ly  
v i r u s  p a r t i c le s  enclosed  in RER b u t not in v iro p la sm . They 
con c lu d ed  th a t VP2 and VP6 a re  s y n th e s ise d  throughout the 
cy to p lasm  and become co n cen tra ted  in v iro p ia sm ic  in c lu s io n s  
w h ile  V/P7.1 is  syn th es ised  in th e  RER and v iru s e s  appear to  
a c q u ire  VP7 w h ile  budding in to  th e  c is te rn a e  o f RER. We 
a ls o  observed  f lu o re s c e n t  spots in  the reg ion  o f the n u c leu s , 
most m arked ly w ith  aVP6. These may correspond w ith  tu b u la r 
forms o f  ro ta v iru s  which have been observed In the n u c le i o f 
t is s u e  c u lt u r e  c e l l s  and o f c e l l s  In  se c t io n s  o f v i l l i  
In fe c te d  w ith  p o rc in e  and m urine ro ta v ir u s  (Pearson and 
M cN u lty , 1979; Banf I e l d e t  e ]_ ., 1978; S a i f  e t  e j . . ,  1978; 
A lten b u rg  e t  a l . ,  1980). The d iam ete r o f these  tubu les was 
not w id e r  than th a t o f s in g le  s h e lle d  p a r t ic le s  and, as VP6 
Is  the m ajo r component o f s in g le  s h e lle d  p a r t i c le s ,  aVP6 
may d e te c t  these v i r a l  s t ru c tu re s  in  n u c le i .  No ro ta v iru s
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an tig en  co u ld  be d e te cted  in the  plasma membrane by any o f 
the a n t is e r a  in l i v e  c e l l s  ( i . e .  u n fix ed ) o r in c e l l s  f ix e d  
w ith  fo rm a lin  to  p re se rve  the c e l lu l a r  membranes (S te rn b e rg e r , 
1979). I t  th e re fo re  appears th a t  ro ta v ir u s  g ly c o p ro te in s  a re  
not p rocessed  on the plasma membrane. Th is is  p la u s ib le  as 
ro ta v iru s e s  do not a c q u ire  a c e lt- d e r iv e d  o u te r membrane and 
as ro ta v ir u s e s  a re  a s s o c ia te d  w ith  d is c r e te  a reas  o f v iro p tasm  
and the RER. G ly c o p ro te in s  may a s s o c ia te  w ith  the membranes 
of the RER and t r a n s fe r  to ro ta v iru s e s  as they bud in to  
c is te rn a e  o f  RER. No changes In the p a tte rn  o f f lu o re sc e n ce  
were d e te c ted  by the m onospec ific  a n t is e r a  over a tim e co u rse .
I t  appears th a t  the p a tte rn  o f r e p l ic a t io n  is  r e la t i v e l y  sim ple 
in th a t a l l  p o lyp e p tid e s  remain in the same area  o f the c e l l s  
throughout in f e c t io n .  The m onospec ific  a n t is e r a  VP2, VP6, VP7.1 
and VP7.2 c ro s s- re a c te d  w ith  c e l l s  in fe c te d  w ith  po rc in e  
ro ta v iru s  OSU, but the f lu o re s c e n ce  seen w ith  aVP10 was 
weaker In c e l l s  In fe c te d  w ith  p o rc in e  ro ta v iru s  than in c a l f  
ro ta v iru s  in fe c te d  c e l l s .  We expected a aVP7.1 and <*VP7.2 to  
be t y p e - s p e c if ic ;  however, the c r o s s - r e a c t iv i t y  o f these 
a n t is e ra  co u ld  be due to  the f a c t  th a t  they were ra is e d  a g a in s t  
denatured and reduced p o lyp ep tid es  in which group s p e c i f ic  
determ inants n o rm a lly  h idden were exposed o r type-spec 1f1c 
determ inants had changed con fo rm ation . VP10 Is  e i t h e r  more 
com plete ly  t y p e - s p e c if ic  o r  more l i k e l y  to  ren e tu re  a f t e r  
d e n a tu re tlo n . VP6 wes a ls o  expected to  have s p e c i f ic  a n t ig e n ic  
determ inants as  I t  has been used fo r  determ in ing  subgroup 
s p e c i f i c i t y  (K a l Ic e  e t a l . .  1981). These an tig en s  cou ld  have 
ty p e - s p e c if ic  d e te r ln e n ts  which a re  not d e te cted  due to  the 
f a c t  th a t they a ls o  have g ro u p - s p e c if ic  de te rm in an ts .
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an tig en  cou ld  be d e tected  In the plasma membrane by any o f 
the a n t is e r a  in l i v e  c e l l s  ( i . e .  u n fix ed ) o r in c e l l s  f ix e d  
w ith  fo rm a lin  to  p rese rve  the c e l lu l a r  membranes (S te rn b e rg e r , 
1979). I t  th e re fo re  appears th a t ro ta v iru s  g ly c o p ro te in s  a re  
not p rocessed  on the plasma membrane. Th is is  p la u s ib le  as 
ro ta v iru s e s  do not a cq u ire  a c e l l- d e r iv e d  o u te r  membrane and 
as ro ta v iru s e s  a re  a sso c ia te d  w ith  d is c r e te  a reas  o f v iro p la sm  
and the RER. G ly c o p ro te in s  may a s s o c ia te  w ith  the membranes 
o f the RER and t r a n s fe r  to ro ta v iru s e s  as they bud in to  
c is te rn a e  o f  RER. No changes in the p a tte rn  o f f lu o re sc e n ce  
were d e te c ted  by the m onospecific  a n t is e r a  o ve r a time co u rse .
I t  appears th a t the p a tte rn  o f r e p l ic a t io n  is  r e la t i v e l y  sim ple 
in th a t a l l  p o lyp ep tid es  remain in the same a rea  o f the c e l l s  
throughout in f e c t io n .  The m onospecific  a n t is e r a  VP2, VP6, VP7.1 
and VP7.2 c ro s s- re a c te d  w ith  c e l l s  in fe c te d  w ith  p o rc in e  
r o ta v ir u s  OSU, bu t the f lu o re sce n ce  seen w ith  aVPIO  was 
weaker in c e l l s  in fe c te d  w ith  po rc in e  ro ta v ir u s  than in c a l f  
r o ta v ir u s  in fe c te d  c e l l s .  We expected a oVP7.1 and aVP7.2  to  
be t y p e - s p e c if ic ;  however, the c r o s s - r e a c t iv i t y  o f these 
a n t is e r a  co u ld  be due to  the f a c t  th a t they were ra ise d  a g a in s t  
denatured and reduced p o lyp ep tid es  In which group s p e c i f ic  
de te rm in an ts  n o rm a lly  hidden were exposed o r ty p e - s p e c if ic  
d e te rm in an ts  had changed conform ation . VP10 Is  e ith e r  more 
co m p le te ly  ty p e - s p e c if ic  o r more l i k e l y  to  ren a tu re  a f t e r  
d e n a tu ra t Io n . VP6 was a ls o  expected to have s p e c i f ic  a n t ig e n ic  
de te rm in an ts  as I t  has been used fo r  determ in ing  subgroup 
s p e c i f i c i t y  (K a lle a  e t  a l . ,  1981). These a n tig en s  cou ld  have 
t y p e - s p e c if ic  d e te r ln a n ts  which a re  not de tected  due to the 
f a c t  th a t  they  a ls o  have g ro u p - sp e c if ic  de te rm in an ts .
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F in a l l y ,  the re s u lt  th a t a p ro te in  co m ig ra tin g  w ith  VP7.2 
o r VP8 bound to  c e l l s  suggests th a t VP7.2 Is  In vo lved  In 
attachm ent o f vhus to  c e l lu l a r  re cep to rs  s in ce  VP8 is  a non- 
s t ru c tu ra l p ro te in .  The b ind ing  is  h ig h ly  s p e c i f ic  s in ce  
VP7 .2 , which is  d i f f i c u l t  to  d e te c t In c e l l s  and Is  a minor 
component compared to VP7 o r VP7 .1 , was the o n ly  p ro te in  
id e n t if ie d .  T h is  r e s u lt  Is  com patib le  w ith  those  o f Matsuno 
and Inouye (1983 ), who found t h e ir  an tiserum  a g a in s t  VP7.1/
VP7.2 in h ib ite d  b ind ing  o f the v iru s  to  c e l l s .  However, 
they d id  not compare th is  r e s u lt  w ith  any o th e r  m onospecific  
a n t is e r a ,  and the exposure o f our gel was low so i t  does not 
ru le  out the p o s s ib i l i t y  th a t o th e r p ro te in s  may a ls o  be 
in vo lve d . The in h ib it io n  seen by Matsuno and Inouye (1983) 
was r e la t i v e ly  low (68-80%). A s im ila r  experim ent t r ie d  
w ith  our a n t is e r a  which had low er an tibody t i t r e s  than those 
o f Matsuno and Inouye (1983) gave ve ry  low le v e ls  o f 
in h ib it io n  (d a ta  not shown). The f a c t  th a t  VP7 .2  is  seen 
b ind ing  to  c e l l s  and not VP7.1 suggests th a t VP7-2 co n ta in s  
a n t ig e n ic  deterriinants not expressed on VP7.1 (see  a ls o  
ch ap te r 7) and suggests th a t these  p ro te in s  a re  both seen 
on each v iru s  p a r t i c le  (see  a ls o  ch ap te r k) .
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CHAPTER 7
Id e n t i f ic a t io n  o f m o n o sp ec ific  a n t is e r a  th a t re a c t w ith  
ro ta v iru s  p a r t i c le s .
INTRODUCTION
T h is  chapter ex tends the work describ ed  in ch ap te r 6 .
The m onospecific  a n t is e r a  a re  c h a ra c te r is e d  by t h e i r  re a c t io n s  
w ith  ro ta v iru s  p a r t i c l e s ,  i . e .  t h e i r  a b i l i t y  to  b ind to  and 
a g g lu t in a te  ro ta v iru s  and to  n e u t ra l iz e  ro ta v iru s  in f e c t i v l t y  
a re  in v e s t ig a te d .
7.1 O p tim isa tion  o f c o n d it io n s  o f n e u t r a l iz a t io n  as  measured 
by a plaque re d u c tio n  a s s a y .
We used the r o ta v ir u s  plaque a s s a y , in which the 
In f e c t i v l t y  o f the v i r u s  inoculum Is  a c t iv a te d  by try p s in  
but where the o v e r la y  co n ta in s  no t r y p s in ,  as described  
by Fau lkner-Val le  e t  al_. (1982 ). Thus, the low d i lu t io n s  
o f the v iru s  inoculum  co n ta in  more re s id u a l t r y p s in  from 
the v iru s  stock than  the h ig her d i lu t io n s .  In a p re lim in a ry  
n e u t ra l iz a t io n  ex p e rim en t, the v ir u s  t l t r e  was reduced more 
than 50% by low d i lu t io n s  o f a l l  the m onospecific  a n t is e ra  
te s te d . I t  seemed u n l ik e ly  th a t a l l  m onospecific  a n t is e ra  
would n e u tra liz e  r o t a v ir u s  In f e c t i v i t y  and another exp lan ­
a t io n  was th a t t h i s  p laque red u c tio n  was due to  the
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serum p ro te in s  b lo ck in g  the enhancement o f v iru s  in f e c t i v i t y  
by t r y p s in .  T h is  a l t e r n a t i v e  was in v e s t ig a te d  by removing 
the v iru s  inoculum a f t e r  ad so rb tio n  and washing the m onolayer 
seve ra l tim es b e fo re  o v e r la y in g  w ith  a g a r . T h is  treatm ent 
should remove t r y p s in  in the  inoculum and i f  the hyp o thesis  
is  c o rre c t  a s t a b le ,  lo w e r  t i t r e  should be reached . Tab le  1 
shows th a t t h is  is  indeed the c a se , and the v ir u s  t i t r e  
dropped 50% when c e l l  monolayers were washed se ve ra l tim es 
b e fo re  being o v e r la id  w ith  a g a r . For subsequent experim ents , 
c e l l s  were washed th ree  tim es a f t e r  ad so rb tio n  to  remove any 
t ry p s in  and serum, and p reven t n o n - s p e c if ic  lo ss  in v iru s  
t i t r e  w ith  an tise ru m .
7.2 P laque  redu ctio n  assay  w ith  each o f  the m onospecific  a n t is e r a
A n t is e ra  th a t  n e u t r a l iz e  c a l f  ro ta v ir u s  i n f e c t i v i t y  were 
id e n t if ie d  by p laque redu ctio n  a s s a y . Tab le  2 summarises the 
r e s u lt s  o f two independent a ssays  using  a l l  the m onospecific  
a n t is e r a .  aVP7.2  n e u tra liz e d  the v i r a l  i n f e c t i v i t y  most 
e f f i c i e n t l y  o f  a l l  the m onospec ific  a n t is e r a .  Convalescent 
a n t l- r o t a v l r u s  serum (G203) n e u t ra liz e d  99.9% o f the v i r a l  
i n f e c t i v i t y ,  w h ile  aVP7.2 a lw ays n e u tra liz e d  98.9-99.7%
( t a b le s  2 and 3) and <*VP6 a lw ays n e u tra liz e d  50% ( t a b le  2 ) .The 
r e s u lt s  w ith  aVPIO  were more v a r ia b le  as seen In ta b le  3 , 
even  though I t  a lw ays  reduced ro ta v ir u s  i n f e c t i v i t y .  U su a lly  
p laqu e  redu ctio n  was 80-93% but i t  has been as low as 62%. 
T a b le  3 shows th a t  n e u t r a l Iz a t io n  by aVP7.2 o n ly  v a r ie d
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TABLE  1
E f f e c t  o f  removal o f re s id u a l t ry p s in  on v ir u s  t i t r e +
V iru s  Sample No. o f 
washes
T i t r e
( p . f . u . / p la t e ) *
V i rus o n ly 0 A8
1 38
2 32
3 20
1« 18
V iru s  + «VP7.1 0 31
P / 5 0 ) 1 20
2 18
3 21
A 23.3
♦ V iru s  inoculum  o f 50 p . f .u ./ p la t e  co n ta in ed  a to ta l 
o f  0.01 pg/ml t r y p s in  (d i lu te d  from the o r ig in a l 
v i r u s  s tock  co n ta in in g  10 pg/m i). V ir u s  o r  v iru s  
and an tise ru m  ( aV P7 .1 ) were adsorbed onto c e l l s  
fo r  1h a t  37aC. A f t e r  removal o f re s id u a l v i r u s ,  
c e l l s  were washed 0 , 1, 2 , 3 and A tim es to  remove 
t r y p s in  and serum.
* T i t r e s  ■ average  o f  two p la te s .
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TABLE 2
N e u tra liz a t io n  o f ro ta v iru s  In f e c t i v i t y  w ith  a l l  
the m onospecific  a n t is e r a
SERUM
T it r e ^ (p . f u ./ p la te ) % n e u t ra liz a t io n
Ex p t. 1 Exp t.2 Ex p t. 1 Expt.2
NONE 50 A x 10“ 0 0
PREIMMUNE 
(GP3)
55 3 x 10“ 0 0
otVPI 53 ND+ 0 -
aVP2 A2 3 x 10“ 0 0
aVP3*, A* 6A NO 0 -
oVPA.2 A6 NO 0 -
aVP6 20 N> X O •
r
60 50
oVP7.1 A6 3 X 10“ 0 0
aVP7.2 0 .5 1 x 102 99 99.7
aVPIO 6 2 x 10J 88 95
G203* • 3 x 101 - 99.9
N e u tra liz a t io n  was c a r r ie d  ou t w ith  a low dose o f v iru s  
(50 p . f .u ./ p la t e ,  e x p t.1 ) and a h igh dose o f v iru s  (A x 10“ 
p .f .u ./ p la te , e x p t.2 ) and serum d i lu te d  1/20. V iru s  and antiserum  
were mixed fo r  2h a t  25SC and in fe c t io u s  v iru s  t i t r a t e d  as In a 
plaque assay .
♦ T lt r e s  ■ average  o f two p la te s
♦ NO ■ not done
♦ G203 Is  a co n va le scen t c a l f  an tiserum  (1/20) to
the s t r a in  o f r o ta v ir u s  used In th is  study.
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0.8% w h ile  th a t found w ith  aVPIO  v a r ie d  33%. Because 
aVP6 and aVPIO  n e u t ra l iz e  r o ta v ir u s  i n f e c t i v i t y  le s s  
e f f i c i e n t l y  than aV P7 .2 , we suggest th a t VP7.2 is  the 
m ajor an tig en  re sp o n s ib le  fo r  e l i c i t i n g  n e u t ra l iz in g  
a n tib o d y . None o f the o th e r a n t is e r a  n e u t ra liz e d  the 
in f e c t i v i t y  o f c a l f  r o ta v ir u s .  I t  is  p a r t i c u la r ly  
in te r e s t in g  th a t  aV/P7.1, which p r e c ip i t a t e s  the same 
p a tte rn  o f po lyp ep tid es  as aVP7.2 in immune p r e c ip i t a t io n ,  
did not n e u t r a l iz e ,  in any o f s e v e ra l sep a ra te  experim ents .
The t i t r e  o f aVP7.1 by im m unofluorescence was o n ly  i  log 
d i lu t io n  le s s  than the t i t r e  o f a V P 7 .2 , and more aVP7.1 
than oVP7.2 bound to  v iru s  (see  s e c t io n  7 .8 ). These 
r e s u lt s  in d ic a te  th a t aVP7.2 must c o n ta in  an tib o d y  s p e c i f ic  
fo r  a determ inant p resen t on the m ajor n e u t r a l iz a t io n  
s p e c i f ic  an tig en  o f c a l f  r o t a v ir u s ,  and th a t t h is  an tibody 
is  absen t from aV P7 .1 .
7.3 T i t r a t io n  o f a n t is e r a  by n e u t r a l iz a t io n
D eterm ination  o f the d i lu t io n  o f an tiseru m  which reduces 
v i r a l  i n f e c t i v i t y  by 50% Is  a standard  method o f t i t r a t in g  
a n t is e r a .  A t the low est d i lu t io n  used (1/20) aVP6 on ly  
reduced the  t i t r e  o f c a l f  ro ta v iru s  by 50% (so  i t s  t i t r e  is  
< 2 0 ). Prelmmune serum (G P3 ), oVP7.2 and aVPIO  were t i t r a t e d  
to determ ine t h e ir  n e u t r a l iz a t io n  t i t r e s .  GP3 d id  not 
n e u t r a l iz e  I n f e c t i v i t y  a t  a d i lu t io n  o f 1/20, aVP7.2  n e u tra liz e d  
50% o f the i n f e c t i v i t y  a t  a d i lu t io n  o f 1/640 and aVPIO  a t 1/160
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TABLE 3
V a r ia t io n  o f the degree o f n e u tra iz a t io n  
caused by aVP7.2 and aVPIO .
% n e u t r a l i z a t i o n  b y : -
EXPT.NO. aVPIO aVP7.2
1 88 99
2 70 99.7
3 62 99.2
i* 95 99-1»
5 88.6 98.9
% v a r  i a t  ion - 33% 0.8%
The pe rcen tage  n e u t r a l iz a t io n  o f v i r u s  in f e c t i v i t y  
by aVPIO  and aVP7.2 in each o f a number o f 
experim ents a re  o u t l in e d  in th is  ta b le  to dem onstrate 
the high v a r i a b i l i t y  o f n e u t r a l iz a t io n  caused by 
aVPIO .
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( t a b le  k ) .  These r e s u lt s  a ls o  con firm  th a t aVP7.2 has 
g re a te r  n e u t r a l iz in g  a c t i v i t y  than any o f the o th e r a n t i ­
se ra  prepared in guinea p ig s ,  w h ile  I t s  t l t r e  measured 
by im m unofluorescence is  the  same as th a t o f aVP6. The 
IF  t l t r e  o f aVP7.2  Is  1 log h ig h e r than th a t o f aVPIO .
Thus, I t  cou ld  be sa id  th a t  aVPIO  is  as im portant in 
n e u t r a l iz a t io n  as aVP7 .2 .
7.** Time course  o f n e u t r a l iz a t io n  w ith  aV P7 .2 .
Th is experim ent was done to  determ ine the time-dependent 
p ro p e r t ie s  o f n e u t r a l iz a t io n  w ith  aVP7 .2 . The experim ent 
was not done w ith  aVPIO  o r  aVP6, because o f the low and 
v a r ia b le  n a tu re  o f t h e ir  n e u t r a l iz in g  p ro p e r t ie s .  F i g . 1 
shows th a t  n e u t r a l iz a t io n  o f  t n f e c t l v l t y  w ith  aVP7.2 a t  th is  
d i lu t io n  is  tim e dependent. On a sem i-log p lo t  shown in f i g . 2 
the slope Is  l in e a r  fo r  more than 105 min. G203 under the 
same c o n d it io n s  takes 15 min fo r  the same lo s s  o f I n f e c t l v l t y  
and Is  th e re fo re  a more p o ten t an tiseru m  than aVP7 .2 . The 
n e u t r a l iz a t io n  cu rve  seen In f lg .1  fo llo w s  the genera l p a tte rn  
desc r ib ed  fo r  anim al v iru s e s  (D e lla - P o r te r  and Westaway, 1977). 
A lag  phase o f 5 min. d u ra t io n  o ccu rs  fo llo w ed  by a f i r s t  o rder 
k in e t ic  phase f o r  105 m in. and a p e rs is te n t  f r a c t io n  o f 
102 p . f .u .  rem ains (from  3 x 10* p . f . u . ) .  T h is  experim ent 
th e re fo re  shows th a t the m onospec ific  an tib ody behaves as a 
n e u t r a l iz in g  an tib o d y  by accep ted  c r i t e r i a  (D e lla - P o r te r  
and Westaway, 1977).
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TABLE A
T it r a t io n  o f the n e u t ra liz in g  a c t i v i t y  o f the 
m onospec ific  a n t is e r a  by plaque re d u c t io n .
Serum ' i i u t  i on T it r e
p . f  .u ./ p la te
T i t r e  o f 
Serum
- - 51
PREIMMUNE 20 55 <20
(GP3) 80 47.5
aVPIO AO 6
160 24.5 160
640 56.5
2560 55.5
OVP7.2 20 0.5 640
40 1
160 0.5
640 22
2560 47.5
V iru s  (50 p . f .u . / p la t e )  was mixed w ith  a n t is e r a  d i lu te d  as
In d ic a te d  above fo r  2h a t  25aC ( and then t i t r a t e d  by plaque 
a s s a y .
+T lt r e  » average  o f two t i t r a t io n s
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F ig .»
Time course o f v iru s  n e u t r a l iz a t io n .  
V iru s  (3 x 10s p . f .u ./ m l)  was mixed w ith  
preimmune serum (0 ) o r  a-VP7.2 (• ) both 
d ilu te d  20-fo ld  and incubated a t  2 5 °C . 
Samples (0.1 m l) were w ithdrawn a t  
in t e r v a ls ,  d i lu te d  V lO O  and im m ediately 
t i t r a t e d  by plaque a ss a y .
F ig -2 Time course  o f v i r u s  n e u t r a l iz a t io n .
The same time course  shown In f ig .1  
Is  p lo tte d  as lo g 1Q p . f .u .  ag a in s t
Time (m in .)
3 00
Heat treatm ent o f  a n t is e r a  a t  56°C fo r  30 min is  a 
common method o f d e s tro y in g  n o n - s p e c if ic  n e u t ra l iz in g  fa c to rs  
in serum, o f which th e  most im portant is  complement. Heat 
treatm ent o f our m o n o sp ec ific  a n t is e r a  a t  56°C fo r  30 min 
reduced the n e u t r a l iz in g  a c t i v i t i e s  o f aVP7.2 and aVPIO , but 
d id  not decrease the low  le v e l o f  n e u t r a l iz a t io n  seen w ith  
aVP6. The n e u t r a l iz in g  a c t i v i t y  o f aVP7.2 was reduced from 
99% to  80% and th a t o f  aVPIO from 90% to  60% by heat 
treatm ent ( ta b le  5 ) .  I t  was o f  in te r e s t  to determ ine w hether 
th is  p a r t ia l  heat l a b i l i t y  o f n e u t r a l iz a t io n  was due to  
complement or some o th e r  f a c t o r ,  o r  w hether the  immunoglobulin 
i t s e l f  was heat l a b i l e .  Immunoglobulin was p u r if ie d  from 
aVP7.2 by p ro te in  A-sepharose a f f i n i t y  chromatography and the 
p u r if ie d  immunoglobulin was te s te d  fo r  n e u t r a l iz in g  a c t i v i t y  
be fo re  and a f t e r  heat tre a tm e n t. lgG p u r if ie d  by p ro te in  
A-sepharose chrom atography should be heat s ta b le  so any heat 
l a b i l i t y  o f p u r if ie d  Im m unoglobulin would be due to  o th e r 
n e u t ra l iz in g  f a c to r s ,  such as IgM. P u r i f ie d  aVP7.2 
immunoglobulin n e u t r a l iz e d  ro ta v ir u s  I n f e c t i v i t y  by 93% and 
a f t e r  h ea t in g  th is  was reduced by 2 - fo ld  ( t a b le  6 ) .  The 
r e la t i v e  heat s t a b i l i t y  o f p u r if ie d  Immunoglobulin suggests 
th a t the  heat l a b i l i t y  o f  the n e u t r a l iz in g  a c t i v i t y  o f the 
aVP7.2 serum is  due to  some component o th e r  than 
immunoglobulin. The e f f e c t  o f  complement on n e u t r a l iz a t io n  
o f in f e c t i v i t y  by heat t re a te d  an tiseru m  was next In v e s t ig a te d .
7 . 5  The e f f e c t  o f  h e a t  t r e a t m e n t  on  t h e  n e u t r a l i z a t i o n  a c t i v i t y
o f  o u r  m o n o s p e c i f i c  a n t i s e r a .
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T a b l e  5 . N e u t r a l i z a t i o n  by h e a t  t r e a t e d  a n t i s e r a
Serum l i t r e *
p . f .u ./ p la t e
% N e u t ra l­
iz a t io n
- -
aVP7 .2 2 98.6
aVP7.2 (h ea t t r e a te d )* 35 76.1«
a VP 10 15 89.9
aVP10 (h ea t t re a te d ) 58 61.0
V iru s  and a n t is e r a  were incubated fo r  2h a t  25 °C , and t i t r a t e d  
by plaque a ssa y .
*  T i t r a  - ave rag e  o f two t i t r a t io n s .
* A n t is e ra  were heated a t  56*0 fo r  30 m in.
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T a b l e  6  N e u t r a l i z a t i o n  w i t h  p u r i f i e d  i m m u n o g l o b u l i n
Immunoglobulin
T i t r e
p . f .u . / p la t e
% N e u t ra l­
is a t io n .
- 148 _
oVP7.2 10.5 92.9
aVP7.2  (h ea t
t re a te d )
26.5 82.1
oVPI 0 61.5 58.4
G203 0 -99.3
N e u t ra l iz a t io n  was as desc r ib ed  p r e v io u s ly ,  except th a t 
p u r if ie d  im nunoglobulIn (d i lu t e d  Vio) was used in stead  
o f a n t is e r a .
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Commercial complement in the form o f ly o p h y lis ed  gu in ea  
pig serum was added to  heat tre a te d  an tiseru m , and was 
a ls o  te s ted  fo r  n e u t ra liz in g  a c t i v i t y  on i t s  own ( t a b le  7 ) .  
The a d d it io n  o f complement to  heat tre a te d  an tiseru m  
com plete ly  resto red  i t s  n e u t ra liz in g  a c t i v i t y ,  in d ic a t in g  
th a t n e u t ra l iz a t io n  o f c a l f  ro ta v iru s  by aVP7.2 is  enhanced 
by complement but is  not com p lete ly  dependent on i t .  The 
e f f e c t  o f complement on n e u tra l iz a t io n  by aVPIO was not 
te s te d , as the n a tu ra l v a r ia t io n  in n e u t r a l iz a t io n  by th is  
an tiserum  was as h igh as the d if fe re n c e  in t i t r e  between 
heat tre a te d  and non-heated aVPIO .
7.6 E f f e c t  o f u lt r a s o n lc a t io n  o f n e u tra liz e d  v iru s  b e fo re  
111 ra 11 on .
Th is experim ent was designed to  determ ine w hether any 
o r a l l  o f the n e u t ra liz in g  a c t i v i t y  o f e ith e r  o f th e  
m onospecific  a n t is e r a ,  «VP7.2 o r aVP IO , was 'pseudo- 
n e u t r a l iz a t io n 1 due to  agg regation  o f v iru s  p a r t ic le s  by 
an tib o d y . N e u tra liz e d  v iru s  was sub jected  to  ul t r a s o n (c a t  ion 
be fo re  t i t r a t io n ,  both w ith  g e n t le  so n ic a t io n  by immersion 
in a son ibath  fo r  1 min and by harsh er so n ica tio n  w ith  a 
soniprobe fo r  10 se c . Both u lt r a s o n Ic a t Io n  trea tm en ts  
reduced the t i t r e  o f non-neutra1 I zed v iru s  ( ta b le  8 ) by 
1.8 fo ld  and 15 fo ld  r e s p e c t iv e ly .  However, s o n ic a t io n  
d id  not In crease  the In f e c t l v l t y  o f v iru s  n e u t ra liz e d  by
-  30<* -
T a b l e  7 E f f e c t  o f  c om p le m en t  on n e u t r a l i z a t i o n  w i t h  h e a t
tre a te d  a n t is e r a .
Serum p . f . u . /  
p la te
% N eu tra l - 
i za t i on
- 160 -
aVP7.2 (h ea t t r e a te d )* 15.5 90.3
aVP7.2 1 99.3
(h ea t tre a te d  C ') *
aVP7.2 (u n tre a te d ) 1.5 99.1
C 1 a 1 one 152 <10
* N e u t ra liz a t io n  and heat trea tm en t were performed as described  
p re v io u s ly .
* Lyo p h o lised  complement was re s to re d  as  d ire c te d  and d i lu te d  '^ lA .
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T A B L E  8 E f f e c t  o f u lt r a s o n ¡c a t  ion on the in fe c t  I v i t y  o f 
n e u tra liz e d  v iru s *
Serum
No So n ic a t ion Son i bath Son i probe
Ti t r e * % n eu t. T i t r e % n e u t. T i t r e % neu t.
None 1.2x103 0 6. 7x10 2 0 8x1o1 0
aVP7 .2 1.3x1o1 98.9 6 .5x10 ° 99 1.5x10° 98.1
aVPIO 1. 3x102 88.6 6.9x1o1 89.8 1.kx101 82.5
* V ir u s  was incubated w ith o u t serum o r w ith  OVP7.2 o r  aVPIO 
d i lu te d  '^20 fo r  2h a t  25®C. Samples were su b jected  to  no 
tre a tm e n t, 1 min in a so n ib a th , o r  10 sec w ith  a sontprobe 
and the re s id u a l v iru s  was t i t r a t e d .
t  T i t  re  - p . f .u ./ s a m p le .
Samples were t i t r a t e d  a f t e r  lOx and 100 x d i lu t io n ,  
(th e  average  o f 2 p la te s  was ta k e n ).
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e it h e r  aVP7.2 o r  aVP IO , so n e u t r a l iz a t io n  o f these  v iru s e s  
by aVP7.2  and aVPIO does not o ccur by fo rm ation  o f agg rega tes .
7 .7 . Do m ix tu res o f m onospecific  a n t is e r a  have s y n e rg is t ic
e f f e c t s  w ith  one ano ther on n e u t r a l iz a t io n  o f r o t a v ir u s ?
S y n e rg is t ic  e f f e c t s  o f a n t ib o d ie s  have been reported  fo r  
the n e u t r a l iz a t io n  o f many v iru s e s  in c lu d in g  ad en o v iru s ,
Rous sarcoma v ir u s  and a p o p u la tio n  o f mixed p a r t ic le s  
o f v e s ic u la r  s to m a t it is  v i r u s  and p a ra in flu en z a  v iru s  SV5 
(D a n ie ls , 1975; D e lla - P o r te r  and Westaway, 1978). In the 
case  o f a d e n o v iru s , n e u t r a l iz a t io n  is  g re a te r  when a 
m ix tu re  o f an tib o dy a g a in s t  hexons and pentons o r  o f 
an tib o dy a g a in s t  hexons and f ib r e s  was used than when 
e ith e r  an tib ody in each com bination  is  used a lo n e .
We te s te d  fo r  the p o s s ib i l i t y  o f s y n e r g is t ic  n e u t r a l iz a t io n  
o f ro ta v iru s  by com binations o f ro ta v ir u s  m onospecific  a n t is e r a .  
A n t is e ra  which had some n e u t r a l iz in g  a c t i v i t y  were mixed in 
p a irw is e  com binations keeping the co n cen tra tio n  o f serum the 
same as In assays  w ith  o n ly  one type o f an tise ru m . A m ixtu re  
o f the n e u t ra l iz in g  aVP7.2  and the n o n - n e u tra liz in g  aVP7.1 
was a ls o  te sted  fo r  s y n e r g is t ic  e f f e c t s .  None o f  the combln- 
e t lo n s  o f an tiserum  n e u tra liz e d  ro ta v ir u s  more e f f i c i e n t l y  
than aVP7.2 ( t a b le  9 ) .  In f a c t ,  n e u t r a l iz a t io n  was 10-fold 
lower w ith  a m ix tu re  o f aVP7.2  and aVP6 than w ith  aVP7.2 a lo n e ,
7 . 6  ( C o n t ' d . )
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TABLE 9
PLAQUE REDUCTION WITH MIXED ANTISERA
Serum T it r e
(p . f .u . / p la t e )
% N eu tra l - 
iz a t io n
NONE 3 . 6  x 1 0 ** 0
«V P7 .2 1 . 3  x 1 0 2 99.6
aVP7 .1 3 . 2  x 1 0 “ 1 1 . 2
0 VP6 1 . 6  x 1 0 ** 55.6
aV P IO l.U  x 1 0 3 93.3
a VP7•2 + a V P 7 .1 9 .5  x 1 0 1 99.7
O VP7.2  + a VP6 9 . 8  x I 0 2 97.3
a VP7 .2  ♦ aV P IO 1 . 8  x 1 0 “ 50
a VP1 0 + a VP6 k.O x 1 0 3 88.9
N e u t ra l iz a t io n  w ith  one an tiserum  o r two mixed a n t is e r a  was as 
d esc r ib ed  p r e v io u s ly .  A n t is e ra  were d i lu te d  1/20, but in 
the case  o f mixed a n t is e r a  each was d i lu te d  1/<*0. (Note tha t 
aVP7.2  n e u t r a l iz e s  as  e f f i c i e n t l y  a t  a d i lu t io n  o f 1/l60 as a t  
1/20 - Tab le  k ) .
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and 100-fold lower w ith  a m ix tu re  o f aVP7.2 and aVPIO  
than w ith  aVP7.2 a lone ( t a b le  9 ) .  aVP7.1 d id  not a f f e c t  the 
n e u t ra l iz a t io n  caused by aV P7 .2 . (Note th a t  w ith  m ix tu res 
o f a n t is e r a  aVP7.2 was d i lu te d  2 - fo ld  than when i t  was used 
a lone  ( i . e .  V i* 0 compared to  V 2 0 ) , but th a t  n e u t r a l iz a t io n  
w ith  aVP7.2 was as e f f i c i e n t  a t  '^160 as a t  '/ 2 0 ).
The re s u lts  suggest th a t the o th e r  a n t is e r a  w ith  n e u t r a l ­
iz ing  a c t i v i t y  a g a in s t r o t a v ir u s ,  i . e .  aVP6 and aV P IO , have 
b lock ing  e f f e c t s  on n e u t r a l iz a t io n  by aVP7.2  but th a t  aVP7.1 
has no such e f f e c t  suggests th a t  e ith e r  the t i t r e s  o f aVP6 
and aVPIO  a re  much h igher than th a t  o f aVP7.1 o r th a t  aVP6 
and aVPIO  bound c lo s e r  to  the b in d in g  s i t e  o f aVP7 .2  than 
d id  aVP7.1 o r th a t they do not compete w ith  aVP7.2 fo r  
b ind ing  but th a t t h e ir  b io lo g ic a l e f f e c t s  In te r f e r e  w ith  
the s p e c i f ic  n e u tra liz in g  a c t i v i t y  of aV P7 .2 . Th is 
experim ent was repeated once o n ly ,  which confirm ed the 
b lock ing  e f f e c t s  o f aVP6 and a V P IO .
7.8 D eterm ination  o f the amount o f aVP7.1  and aVP7.2 b ind ing  
to  v ir u s  p a r t i c le s .
The f a c t  th a t aVP7.2 n e u tra liz e d  ro ta v ir u s  and aVP7.1 had 
no e f f e c t  on i t s  I n f e c t l v l t y  when both a n t is e r a  p r e c ip ita te d  
the same p o lyp ep tid es may s im p ly have meant th a t aVP7.1 was 
d ire c te d  a g a in s t determ inants on V P 7 .I and VP7.2 which were 
not exposed on the su rfa ce  o f th e  v iru s  p a r t i c l e .  T h is  was 
In ve s tig a ted  by e s tim a tin g  the r e l a t i v e  amount o f each
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immunoglobulin th a t  bound to  v ir u s  p a r t i c le s .  Double
s h e lle d  v ir u s  p a r t ic le s  were f ix e d  w ith  fo rm a lin  to
p re v e n t d is s o c ia t io n ,  p u r if ie d  by CsCI g ra d ien t c e n t r l-
125fu g a t io n  and mixed w ith  I- la b e l le d  m onospecific  
im m unoglobulins (which  had both equal mass and equal 
in co rp o ra ted  c .p .m .)  fo r  l8h a t  **°C. The v iru s  w ith  
a tta c h e d  an tib o d y  was p e lle te d  through k$% sucrose  and 
th e  r e la t i v e  amount o f each an tib o d y  bound to  the v iru s  
p a r t i c le s  was then q u a n t ita te d . Approx im ate ly  2 .8 times 
more aVP7.1 bound to  v ir u s  than aV P7 .2  ( t a b le  10 ). S in ce  
b in d in g  was in v e rs e ly  re la te d  to  n e u t r a l iz in g  a c t i v i t y ,  
we conclude th a t th e re  a re  more a n t ig e n ic  determ inan ts 
on the  ro ta v iru s  s u rfa c e  which re a c t  w ith  aVP7.1 than 
w ith  aV P7 .2 . Approx im ate ly  6 tim es more oVP7.2  and 15 
tim es m oreaVP7 .1  bound to  com plete p a r t ic le s  than d id  
aVP6 . VP6 Is  the m ajor ro ta v iru s  p o lyp ep tid e  and is  3.3 
tim es more abundant than VP7.1 and VP7.2 combined (see  
c h a p te r  4 ) .  I t  a ls o  e l i c i t e d  an an tib o d y  response as 
q u ic k ly  as VP7.1 and the Immunof1u o rescen t t l t r e  o f oVP6 
was as high as th a t o f <*VP7.1 and a V P 7 .2 . T h e re fo re , we 
co n c lu d e  th a t o n ly  a l i t t l e  VP6 Is  exposed on the o u te r 
c a p s id  su rfa ce  o f ro ta v ir u s  o r th a t  our aVP6 Is  d ire c te d  
m o s tly  a g a in s t Inner components o f VP6. N e u t ra liz a t io n  
by <*VP6 must be m ediated v ia  t h is  exposed p o rtio n  o f VP6 
s in c e  s in g le  s h e lle d  p a r t ic le s  (where VP6 Is  lo ca te d ) a re  
n o t In fe c t io u s .
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TABLE 10
B in d in g  o f  p u r i f i e d 125 I- im m u n o q io b u l in s to  r o t a v i r u s  p a r t i c l e s
Immunoglobulin
cpm bound to  v i rus
un co rrec ted le s s ,  n o n - s p e c if ic  
b ind ing  (of preimmune Ig )
PRE-IMMUNE 9A6 -
a VP6 1,8A1 895
a VP7.1 16,913 15,067
a VP7.2 6,317 5,361
12550 pg 5I- lg  (1 .5  x 106 cpm in each c a se ) was mixed w ith  about
5 pg fo rm a lin - f ix e d  p u r if ie d  v ir u s  in a f in a l  volume o f 1 ml PBS.
A f t e r  I8h a t  4 °C  w ith  s t i r r in g ,  the v iru s - a n tib o d y  complexes were 
125separated  from fr e e  I- lg  by c e n t r ifu g a t io n  a t  100,000 xg 
through 1*5% sucrose  fo r  90 m in.
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7 .9  R e a c t io n  o f  m onospec if  1c a n t i s e r a  w i t h  c a l f  r o t a v i r u s  as
determ ined by Immune e le c tro n  m icroscopy ( I EM) .
The Immune e le c tro n  m icroscopy experim ents were done In 
c o lla b o ra t io n  w ith  D r. T. F le w e t t .  Most samples were 
examined 'b l in d ' by O r. F le w e tt  to  avo id  the p o s s ib i l i t y  
o f b ia s  In the d e te c t io n  o f immune ag g reg a tes . Aggregated 
v iru s e s  were d is t in g u ish e d  from n a tu r a l ly  clumped v iru s e s .  
Tab le  I I  summarises th e  r e s u lt s  o f e le c tro n  m icroscop ic  
exam inations o f the re a c t io n s  o f a l l  the m onospecific  
a n t is e r a  w ith  th ree  d i f f e r e n t  v i r u s  samples v iz .  (1 ) fa e ca l 
m a te ria l from a g n o to b io t ic  c a l f  In fe c te d  w ith  c a l f  
ro ta v iru s  (see  ch ap te r 2 .A ) ,  which had been d ilu te d  in PBS , 
s t i r r e d  and c e n tr ifu g e d  a t  5 ,0 0 0 x g  fo r  20 min to  c l a r i f y  
the suspension . T h is  sample had been sto red  as fa e ca l 
m a te r ia l fo r  2 ye a rs  p r io r  to use and the v iru s  p a r t ic le s  
were m ostly  s in g le  s h e lle d ,  (2 ) the same s t r a in  o f c a l f  
r o ta v iru s  p u r if ie d  from  t is s u e  c u lt u r e .  T h is  sample had
' I,
fewer p a r t ic le s  but a much h ig h e r p ropo rtion  o f double 
sh e lle d  p a r t ic le s  and (3 ) v iru s  from the fa e ca l m a te ria l 
which was tre a te d  w ith  EDTA to determ ine w hether EDTA 
tre a te d  v ir u s  and n a t u r a l ly  o ccu rr in g  s in g le  sh e lle d  
p a r t ic le s  had the same a n t ig e n ic  com position .
V iru s  samples 1 and 2 gave the same r e s u lts  In re a c tio n s  
w ith  the m onospecific  a n t is e r a .  C a lf  a n t l- ro ta v iru s  serum 
(G203) aggregated both double sh e lle d  and s in g le  sh e lle d  
p a r t i c le s .  In t e r e s t in g ly ,  these  aggregates were a lw ays o f
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Table  11 Immune e le c tro n  m icroscopy: agg rega tion  o f c a l f  
ro ta v ir u s  by m onospecific  a n t is e r a .
Serum
Faecal r o t a v i rus+ 
(p a r t  p u r if ie d )
Fa e ca l r o ta v iru s  
♦ EDTA
T i ssue cu i tu re  
v i r u s (p u r i f  i ed)
Aggregated Type Aggregated Aggregated Type
Cl serum 44 s in g le  
s h e l1ed+ 
double 
shel 1 ed
ND -
a VP1 ND ND -
a VP2 - - -
aVP3 NO ND -
aVP4.2 NO ND -
aVP6 - - -
a V P 7 .1 * 44- double 
s h e l1ed
* 44 double 
s h e l led
aVP7.2 ♦ double 
sh e lle d
- 44 double 
s h e l1ed
a VP 10 s in g le
sh e lle d
44 44 s in g le  
s h e l1ed
None - - ND -
Pre  immune • “ “ -
Faecal ro ta v ir u s  was o f the t is s u e  c u ltu r e  adapted s t r a in  in fe c te d  
In to  a g n o to b io t ic  c a l f .  The v iru s  was p a r t ly  p u r if ie d  by c e n t r i ­
fu g a tio n  a t  5,000 x g fo r  20 min fo llo w e d  by c e n t r ifu g a t io n  o f the 
supernatan t through US% sucrose a t  100,000 x g fo r  90 min. *
** T issue  c u ltu r e  v iru s  was grown In and p u r if ie d  from r o l l e r  b o t t le s  
o f BSC-1 c e l l s  as p re v io u s ly  d e s c r ib e d .
— *  00
- aggregates seen (up to  k)
♦♦ » la rg e  agg regates seen (< 2 0 ).
♦♦♦ - aggregates (> 2 0 ).
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e ith e r  s in g le  sh e lled  o r  o f double s h e lle d  p a r t ic le s  
ra th e r  than being mixed aggregates ( f i g . 3 ) .  aVP7.1 and 
aVP7.2 both aggregated double s h e lle d  but not s in g le  
sh e lle d  p a r t ic le s  ( f i g . 3 ) .  The n e u t r a l iz in g  aVP7.2 was 
le s s  e f f e c t i v e  than aVP7.1 a t  producing aggregates w ith  
the faeca l sample, p robab ly  due to the low p ro p o rtio n  o f 
double s h e lle d  p a r t ic le s  in th is  sam ple. T h is  is  a ls o  
c o n s is te n t  w ith  the g re a te r  amount o f  aVP7.1 th a t bound 
to  v iru s  ( t a b le  10 ), in d ic a t in g  th a t th e re  a re  more 
a n t ig e n ic  determ inants on the v iru s  a v a i la b le  to re a c t  
w ith  oVP7.1 than w ith  aV P7 .2 , o r th a t aVP7.1 co n ta in s  
more s p e c i f ic  an tibody to  the v ir u s  s u r fa c e .
aVP10 aggregated s in g le  s h e lle d  p a r t ic le s  but not double 
s h e lle d  p a r t i c le s ,  a lth o u gh  o c c a s io n a lly  some double sh e lle d  
p a r t ic le s  were seen a t  the  edges o f the clumps (see  f i g . 3 ) .  
t h is  p resen ts  a paradox s in c e  VP10 is  a m inor po lyp ep tid e  
p resen t In double s h e lle d  p a r t ic le s  but no t in s in g le  sh e lle d  
p a r t ic le s  formed by EDTA trea tm ent (see  f i g . 1 ,  ch ap te r 6 ) .
One ex p lan a tio n  cou ld  be th a t VP10 was s t i l l  a tta ch ed  to 
n a tu r a l ly  o ccu rr in g  s in g le  sh e lle d  p a r t i c l e s .  In r e o v lru s ,  
n a tu r a l ly  o ccu rr in g  s u b v lra l p a r t ic le s  In In fe c te d  c e l l s  
co n ta in  a fragm ent o f the p ic  p ro te in ,  but co re s  prepared 
by chym otrypsin  treatm ent o f re o v lru s  a re  id e n t ic a l to  
su b v ira l p a r t ic le s  except they la ck  t h is  fragm ent o f p ic  
p ro te in  ( J o k t l k ,  1974). To te s t  th is  p o s s ib i l i t y ,  we 
prepared s in g le  sh e lle d  ro ta v ir u s  by t r e a t in g  the
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fa e ca l sample w ith  EDTA, but we found th a t  these  s in g le  
sh e lled  p a r t ic le s  were s t i l l  aggregated by aVPIO ( f i g . 3 ).
S u rp r is in g ly ,  n e ith e r  aVP2 no r aVP6 aggregated  s in g le  
sh e lled  o r  double s h e lle d  p a r t i c le s  in any o f the  v iru s  
sam ples, a lth o u gh  VP2 and VP6 between them com prise alm ost 
a l l  o f  the v i r a l  inn er s h e ll p ro te in  (Novo and Esparza , 
1981). Presum ably these  p o lyp ep tid es  do not express the 
a p p ro p ria te  a n t ig e n ic  de te rm in an ts  on the p a r t i c le  su rfa ce  
fo r  agg rega tion  even though they do induce an tib o dy which 
re a c ts  under dena tu ring  c o n d it io n s  ( I P  and IF )  and VP6 
re a c ts  to  some ex ten t In the n e u t r a l iz a t io n  re a c t io n . 
a V P I, aVPS*,«***and oVPi*.2, a l l  o f which o n ly  reac ted  
weakly by im m unofluorescence and d id  not re a c t  (excep t 
oVP3*,a*»A) by immune p r e c ip i t a t io n ,  f a i l e d  to  aggregate  
e ith e r  double s h e lle d  o r  s in g le  sh e lle d  p a r t i c l e s .  However, 
as the t l t r e  o f  these  a n t is e r a  was o b v io u s ly  v e ry  low , we 
cannot make any co n c lu s io n  about the s ta tu s  o f these  
p o lyp ep tid es  In ro ta v iru s  p a r t i c le s .
The v i r a l  agg rega tes i l lu s t r a t e d  In f i g . 3 p ro v id e  examples 
o f those seen In the EM. D e f in it e  v is u a l is a t io n  o f an tib ody 
on the v ir u s  su rfa ce  was hampered by le s s  than optim al 
re so lu t io n  due to  extraneous p ro te in  and a ls o  by low 
co n cen tra tio n s  o f s p e c i f ic  an tib o d y  In the  m onospecific  
a n t is e r a .  However, In some cases  ( f i g . 3 b,e) an tib o dy cou ld  
p o ss ib ly  be d e te c te d , and In many o th e rs  the  v ir u s  p a r t ic le s
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F ig ,3 Immune e le c tro n  m icroscopy using m onospecific
ant i s e ra .
(a ) N a tu ra lly  o ccu rr in g  v iru s  p a r t ic le s  b e fo re  
ad d it io n  o f an tiseru m , (b ) predom inantly double 
sh e lled  p a r t ic le s  aggregated and p a r t ly  
obscured by VP7 .1 , (c ) double sh e lle d  p a r t ic le s  
aggregated by VP7 .2 , (d ) s in g le  sh e lle d  
p a r t ic le s  from fa e ca l m a te ria l aggregated by 
VP10, (e ) s in g le  sh e lle d  p a r t ic le s  from v ir u s  
p u r if ie d  from t is s u e  c u ltu re  aggregated by VP10 
(note  double sh e lle d  p a r t ic le s  a t  edge),
( f )  double sh e lle d  p a r t ic le s  aggregated by Cl 
an tiserum , (g ) s in g le  sh e lle d  p a r t ic le s  
aggregated by Cl an tiserum .
Immune electron microscopy using monospecific 
ant i sera.
(a )  N a tu ra lly  o ccu rr in g  v ir u s  p a r t ic le s  be fore  
a d d it io n  o f an tiseru m , (b ) p redom inantly double 
sh e lled  p a r t ic le s  aggregated and p a r t ly  
obscured by VP7 .1 , (c ) double sh e lled  p a r t ic le s  
aggregated by VP7 .2 , (d ) s in g le  sh e lle d  
p a r t ic le s  from fa e ca l m a te r ia l aggregated by 
VP10, (e ) s in g le  s h e lle d  p a r t ic le s  from v iru s  
p u r if ie d  from t is s u e  c u ltu re  aggregated by VP 10 
(no te  double sh e lle d  p a r t ic le s  a t  ed g e ),
( f )  double sh e lled  p a r t ic le s  aggregated by Cl 
an tiserum , (g ) s in g le  s h e lle d  p a r t ic le s  
aggregated by Cl an tiseru m .
7 .9  ( C o n t ' d . )
had somewhat 'f u z z y ' o u t l in e s  ( f i g s .  3 C,g ) which is  o ften  
a s ign  o f an tib o dy a ttach ed  to  th e  p a r t ic le s .  D esp ite  the 
la c k  o f  obvious an tib o dy in the  a g g re g a te s , these  clumps 
w ere  la rg e  and d e f in i t e  enough to  be unm istakab le  and the 
v i r u s  p a r t ic le s  were a t  an even d is ta n c e  from one a n o th e r, 
w h ich  in d ic a te s  th a t  they a re  bound to g eth er by a n t ib o d y .
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CHAPTER 7
DISCUSSION
The properties of our monospecific antisera are summarised 
in table 12.the immune precipitation and immunofluorescence, 
and cross-reactions of the monospecific antisera with 
porcine rotavirus using these methods were described in 
chapter 6. All the other work has been described in this 
chapter. In particular, the location of antigens within 
the virus particles, and assignment of some of their 
biological functions were successfully determined by use 
of the monospecific antisera in reactions with virus 
particles. In contrast to work described in the previous 
chapter where immunofluorescence gives results on antigens 
which ar e possibly denatured due to fixation, and immune 
precipitation is done in highly denaturing conditions, I EM 
and neutralization assays use native antigen In the form of 
mature particles. However, some caution was necessary in 
interpretation of the results as the antisera were prepared 
with highly denatured (although possibly partly renatured) 
polypeptides, so these antisera may recognise determinants 
not normally seen in nature, and fail to recognise some 
important native determinants. However, the fact that 
monospecific antisera prepared In this way have been 
useful In characterising other viruses (as mentioned in 
the introduction to chapter 6) confirmed our opinion that 
the reactions observed between these antisera and native 
virus particles were genuine.
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T a b le  12
Summary of the properties of the monospecific antisera.
Serum 
a g a In s t
Immuno- 
p re c lp i t a t  ion
C ytop lasm ic 
Immuno- 
f lu o re sce n ce
% N e u tra l­
iz a t io n
immune
Ss
EM
aggreg . 
Os
VP1 - ± 0% ►D
VP2 VP2 •f 0% - -
VP3*,1** VP 2 * 0% ND
VPU. 2 - ♦ 0% ND
VP6 VP6 ♦ 50% - -
VP7.1 VP7 .1 , VP7.2 ♦ 0% - ♦
VP 7.2 VP7.1 , VP7.2 ♦ 33% - t ra c e
VP10 - ♦ 30% ++ _
( v a r ia b le )
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A g g lu t in a t io n  by m onospec ific  a n t is e r a .
A g g lu t in a t io n  o f double sh e lle d  o r  s in g le  sh e lle d  
p a r t ic le s  by I EM w ith  m onospec ific  a n t is e r a  id e n t if ie d  
which p o lyp ep tid es  were on the  s u rfa c e  o f e it h e r  of 
these p a r t i c le  typ es . VP7.1 and VP7.2  were thus iden­
t i f i e d  a s  p ro te in s  o f the o u te r  s h e ll o n ly , as expected.
In c o n t r a s t ,  aVPIO gave s u rp r is in g  r e s u lt s  as i t  d id  
not agg rega te  double sh e lle d  p a r t i c le s  but o n ly  s in g le  
sh e lle d  p a r t i c le s .  Even s in g le  s h e lle d  p a r t ic le s  tre a ted  
w ith  EOTA were aggregated by aV P IO , a lthough these 
p a r t ic le s  appear to  co n ta in  no VP10. Th is re s u lt  has led 
us to  bel ie ve  th a t a t  le a s t  some o f VPIO  is  a tta ch ed  to 
the in n er s h e l l .  S eve ra l o th e r groups have a ls o  id e n t if ie d  
VP10 as an o u te r s h e ll p ro te in  (B a s ta rd o  e£ a l_ . , 19 8 1; 
McCrae and Fau lkner-V a l l e ,  1981; Espe jo  e_t a j_ ., 19 8 1;
Sahara e t  1982). We propose th a t  VP10 is  a component
o f both p ro te in  s h e l ls  ( i . e .  a tta c h e d  to  the inner sh e ll 
but ex tru d in g  through the o u te r  s h e l l )  and tha t a reduced 
amount o r  p a r t  o f VP10 remains a tta c h e d  to  the inner 
sh e ll In s in g le  sh e lle d  p a r t i c l e s .  As VPIO Is  a lre a d y  a 
minor p o lyp e p tid e , I t  Is  c o n ce iva b le  th a t  th is  reduced 
q u a n t ity  would not be d e tected  in s in g le  sh e lled  p a r t ic le s  
by PAGE. Most o f the an tib ody In our aVPIO must be 
d ire c te d  a g a in s t  in te rn a l VPIO s i t e s ,  w ith  a small amount 
o f an tib o dy a g a in s t ex te rn a l s i t e s  (s in c e  aVPIO n e u tra l is e s
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i n f e c t I v l t y )  . As double sh e lle d  p a r t i c le s  were o c c a s io n a lly  
seen on the edges o f some clumps ( f i g . 3 )»  a low an tibody 
t i t r e  to  e x te rn a l s i t e s  on V P10 is  q u it e  p la u s ib le .  Our 
proposal is  o u t lin e d  diagram at ic a l ly  in  flg .1* . The la ck  
o f ag g reg a tio n  o f p a r t ic le s  by aVP2 and aVP6 was su rp r is in g  
because a )  s in g le  sh e lle d  p a r t ic le s  a re  a lm ost com p lete ly  
composed o f VP2 and VP6 (Novo and E sp a rz a , 1981) and 
b) both o f these  a n t is e r a  had high t i t r e s  by immunofluor­
e scen ce . Fu rthe rm ore , Bastardo  et_ aj_. (1981) reported  
th a t t h e i r  aVP6 ,p repared  in the same w ay , aggregated s in g le  
s h e lle d  and double sh e lle d  p a r t ic le s .  Thus i t  would appear 
th a t ou r aVP2 and oVP6 re a c t w ith  a n t ig e n ic  determ inants o f 
VP2 and VP6 which a re  not exposed on the o u te r su rfa ce  o f 
e i t h e r  o f th ese  p a r t ic le  typ es . However, the f a c t  th a t aVP6 
has some n e u t ra l iz in g  a c t i v i t y  must mean th a t some o f i t  
re a c ts  w ith  determ in an ts o f VP6 which a r e  on the su rface  
o f double s h e lle d  p a r t ic le s ,  but the c o n c e n tra t io n  may 
be too low to  aggregate  p a r t ic le s .  The m o n o s p e c if ic ity  
o f the aVP6 prepared by Bastardo  et  ^ a K  (1981) was not 
date  mined so the aggregation  th a t they see  may be due 
e ith e r  to  an tib o d y  a g a in s t an a n t ig e n ic  s i t e  on VP6 th a t 
our an tise ru m  p rep a ra tio n  la cks  o r due to  an tib ody a g a in s t 
o th e r p ro te in s .
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Diagram m atic re p re se n ta t io n  o f  VP10 In v iru s  p a r t i c le s .F iq
a n tib o d y  causing
I
a ) S in g le  s h e lle d  p a r t i c le s .
The breaks In  VP10 In d ic a te  
tha t VPIO may be c le a ve d  
upon lo ss  o f the v ir u s  
o u te r s h e l I .
b) Double s h e lle d  p a r t i c le s .
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2. N eu t ra 1 i zat ion
N e u t ra liz a t io n  o f  v iru s  in f e c t i v i t y  by an tib ody is
o f g re a t  im portance and we wanted to  determ ine which
o f our m onospec ific  a n t is e r a  n e u tra liz e d  ro ta v ir u s
in f e c t i v i t y  and thus id e n t if y  the a n t ig e n (s )  re sp o n s ib le  
n ed tra iiijy
fo r  e l i c i t in g ^ a n tib o d y . In most v ir u s e s ,  th is  fu n c tio n  
can be m ain ly  a t t r ib u te d  to  one an tig en  - e .g .  HA o f 
in flu en za  v ir u s  (L a ve r and K ilb o u rn e , 1966), o l o f  
re o v iru s  (W e ine r and F ie ld s ,  1978) and the G p ro te in  of 
v e s ic u la r  s to m a t it is  v ir u s  (K e l le y  e£  a l_ ., 1972).
N eu tra1 iz a t io n  assays  w ith  our m onospecific  a n t is e r a  
showed th a t oVP6, aVPIO and oVP7.2 reduced v i r a l  
in f e c t i v i t y .  aVP7.2  was the most e f f e c t i v e  n e u t ra liz in g  
an tibody causing  a 99% redu ctio n  in t i t r e ,  w h ile  aVPIO 
n e u tra liz e d  80-90% and aVP6 o n ly  reduced the t i t r e  by 
50%. A ls o , aVP7 .2  had a n e u t ra l iz in g  t i t r e  o f 1/640, 
aVPIO had a t i t r e  o f 1/160 and the t i t r e  o f aVP6 was 
1/20. In r e o v iru s ,  where the n e u t r a l iz a t io n - s p e c i f ic  
a n t ig e n , as d e fin ed  by use o f ré a sso rta n t v ir u s e s ,  is  
o l ,  monoclonal an tib o d y  a g a in s t o3 and \2  a ls o  n e u t r a l ­
ize  (Hayes ¿ t  a j_ . , 1981). Use o f ro ta v ir u s  recom binants 
have shown ty p e - s p e c if ic  n e u t r a l iz a t io n  to  be a product o f gene 
segment 8 o r 9 ( K a l ica  e t  a i . ,  1981) and the on ly  
s t ru c tu ra l p ro te in s  coded by these genes a re  VP7.1 and 
VP7.2 (McCrae and McCorquodaie, 1982). Th is con firm s
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our con c lu s ion  th a t aVP7 .2  is  our m ajor n e u t r a l iz in g  
a n tib o d y . The a u th e n t ic i t y  o f n e u t r a l iz a t io n  by aVP6 was 
too low to  in v e s t ig a te ,  but n e u t r a l iz a t io n  by aVPIO  (o r  
aVP7.2) was not re versed  by so n ¡ca tio n  tre a tm en t o f n e u t r a l ­
ized v iru s  in d ic a t in g  th a t i t  was not caused  by aggregation  
o f p a r t ic le s  and so was genuine n e u t r a l iz a t io n .  Aggregation  
o f com plete v ir u s  by aVPIO was not seen by I EM e i t h e r .  Both 
aVP6 and aVPIO had strong a c t i v i t y  in o th e r  ways - aVP6 had 
a h igh immunof1uo rescen t t i t r e  and aVPIO s t ro n g ly  aggregated 
s in g le  sh e lle d  p a r t ic le s  and a ls o  had a s tro n g  immunofluor- 
escen t re a c t io n .
The most im portant n e u t r a l iz a t io n - s p e c i f ic  a n t ig e n , VP7 .2 , 
is  an in te re s t in g  an tig en  as  i t  is  o n ly  one o f  a group o f 
re la te d  ro ta v ir u s  p o lyp ep tid es  and appears to  be formed by 
e x ten s ive  m o d if ic a t io n  s te p s , u n lik e  I t s  re o v iru s  co u n te rp art 
o1 , which is  a p rim ary gene p roduct. In r o t a v ir u s ,  the 
prim ary gene product vpr7 f i r s t  lo ses  a s ig n a l sequence 
(E r ick so n  e£ a j_ . , 1983) and Is  then g ly c o s y la te d  forming 
VP7, which Is  c le a ve d  to  VP7.1 (McCrae and Fau lkner-V a l l e ,  
1981). Although the r e la t io n s h ip  between VP7.1  and VP7.2 
has been confirm ed by p e p tid e  mapping (E s p e jo  e t  a l . ,  1981), 
which showed VP7.1 to  have a l l  the p ep tid es  o f  VP7.2 p lus a t  
le a s t  one more and by our Immune p r e c ip i t a t io n  w ith  
m onospecific  a n t is e r a  (c h a p te r  6 ) ,  the mechanism and k in e t ic s  
o f I t s  form ation  has not been e lu c id a te d  fo r  two reasons -
- 3 2 1 » -
i t  is  masked by VP8 and VP9 in in fe c te d  c e l l s  and i t  is 
p resen t in small q u a n t i t ie s  in the c e l l s  and we have on ly 
been a b le  to d e te c t  i t  by immune p r e c ip it a t io n  w ith  aVP7.1 
and aV P7 .2 . The d is c u s s io n  o f chap te r I» o u t l in e s  p o ss ib le  
methods o f fo rm ation  o f VP7 .2 .
The f a c t  th a t a n tis e ru m  a g a in s t VP7.1 p r e c ip ita te d  the 
same p o lyp ep tid es  as aVP7.2 a t  le a s t  as e f f i c i e n t l y  and 
y e t  d id  not n e u t r a l iz e  ro ta v iru s  in f e c t i v i t y  does not 
conform to the th e o ry  th a t these two p ro te in s  a re  n a tu ra l 
v a r ia n t s  of each o th e r  p resen t on d i f f e r e n t  p a r t ic le s  (see 
d iscu ss io n  o f ch a p te r  I*, p. 216 ), nor does the f a c t  th a t the 
o n ly  v ir u s  p ro te in  b in d in g  to  c e l l s  in a b ind ing  assay 
com ig ra tes w ith  VP7 .2  (o r  VP8 ) and not VP7.1 (ch a p te r 6 ) ,  From 
arguments p resented  in the d iscu ss io n  o f ch ap te r k and the 
fa c t  th a t Es tes  ¿ t  ¿1 ,. have m onospecific  an tiserum  a g a in s t 
VP7.1 (E s te s  £ t  a j_ ., 1982; E r ick so n  e£ a JN , 1982; 1983;
P e t r ie  e t  a j_ ., 1982) and have not reported  any n e u t r a l ­
iz a t io n  w ith  i t ,  le a d s  us to  b e lie v e  th a t e ith e r  these 
v iru s e s  w ith  v a r ia t io n  in VP7 produce both VP7.1 and VP7 .2 , 
o r th a t  Es tes  et_ aj_. have  some n a tu ra l mutants d e f ic ie n t  
in p rocessing  o f VP7. One o f t h e ir  Is o la te s  is  d e f in i t e ly  
In t h i s  ca teg o ry  as I t  does not g ly c o s y la te  vp r7 , y e t  is  
s t i l l  In fe c t io u s  (E s te s  e t  a l_ ., 1982; E r ickson  e t  a l . ,  1983).
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Although our aVP7.1 may sim ply la c k  an tib o d y  to  a 
n e u t r a l iz a t io n - s p e c i f ic  determ inant p resen t on both VP7.1 and 
VP7 .2 , i t  is  more l i k e l y  th a t VP7.2 has e ith e r  a cq u ired  new 
a n t ig e n ic  d e te rm in an ts  as w e ll as lo s in g  those presumably 
c leaved  from V P7 .1 , o r  th a t the c le a va g e  o f VP7.1 to  VP7.2 
has exposed new a n t ig e n ic  dete rm in an ts  th a t a re  im portant in 
n e u t r a l iz a t io n  (see  f i g . 5 ) .
3. E f f e c t  o f complement on n e u t r a l iz a t io n
The n e u t r a l iz a t io n  o f i n f e c t i v i t y  by both aVP7.2 and a\/P10 
appeared to be p a r t ly  h ea t l a b i le  - n e u t r a l iz a t io n  w ith  aVP7 . 2  
was reduced from 9 9 % to  80% w h ile  th a t w ith  aVPIO  was reduced 
from 90% to 60% by h e a t in g  a t  56°C f o r  30 m in. P u r i f ie d  
immunoglobulin from aMPJ .2 n e u tra liz e d  9 3 % in f e c t i v i t y  and 
th is  was not s i g n i f i c a n t l y  reduced on h e a t in g , in d ic a t in g  th a t 
the immunoglobulin i t s e l f  was not heat l a b i l e .  A d d it io n  o f 
commercial guinea p ig  serum as a source  o f complement to  heat 
tre a te d  aVP7.2 co m p le te ly  re s to red  I t s  n e u t ra liz in g  a c t i v i t y  
in d ic a t in g  th a t the n e u t r a l iz a t io n  was p o te n tia te d  by 
complement. Complement (C 1) p o te n t ia t io n  o f v ir u s  n e u t r a l ­
iz a t io n  has been f r e q u e n t ly  reported  (D a n ie ls , 1975), and can 
occur e it h e r  by a l y t i c  o r  n o n - ly t lc  mechanism (Cooper, 1979). 
As ro ta v iru s e s  do not have an en ve lo p e , l y t i c  e f f e c t s  m ediated 
by the phosphol ipase a c t I v i t y  o f C '7 ,  C 18 and C '9  do not o c c u r , 
and n o n - ly t lc  mechanisms o f v iru s  n e u t r a l iz a t io n  occur o n ly  
through the e a r ly  components o f the C 1 pathway - C ' t ,  C 'k ,
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C'2 and C '3 (Cooper, 1979). In cases where a mechanism 
fo r  n o n - ly t ic  p o te n t ia t io n  o f n e u t r a l iz a t io n  has been found, 
i t  has been e ith e r  by envelopment o f the v iru s  p a r t i c l e  
o r the a c t iv e  s i t e  by complement p ro te in s  o r  by agg rega tion  
o f v i r u s  p a r t i c le s .  Herpes sim plex v ir u s  type 1 was n e u t ra l­
ized by an tib o dy and complement components C* 1 and C'k,  
which coat the v ir u s  su rfa ce  and a v ia n  in fe c t io u s  b ro n c h it is  
v i r u s  neutralized by an tib ody and complement was seen to have 
a la rg e  h a lo  o f p ro te in  surrounding i t .  Polyoma v i r u s  was 
n e u tra liz e d  by the a l t e r n a t iv e  mechanism - I t  was c ro s s )in k e d  
by an tib ody and complement components C 'lq  o r  a com bination  
o f C l ,  C<», C3 and C2 ( fo r  re v ie w , see Cooper, 1979). Our 
ro ta v iru s  p a r t ic le s  a re  not n e u tra liz e d  by a mechanism in vo lv in g  
agg rega tion  as so n ic a t io n  o f n e u tra liz e d  v ir u s  d id  n o t in crease  
i t s  i n f e c t i v l t y .  Complement may co a t the v ir u s  su r fa c e  and 
thus p o te n t ia te  n e u t r a l iz a t io n .  C a lf  r o ta v ir u s  co n va le scen t 
c a l f  serum (G203) was heat s t a b le ,  but the complement in 
G203 may have been in a c t iv a te d  due to  long s to ra g e .
I*. S y n e rg is t ic  e f f e c t s  o f the a n t is e r a .
D esp ite  the fa c t  th a t th ree  o f our m onospec ific  a n t is e r a  
have n e u t ra liz in g  a c t i v i t y  a g a in s t  c a l f  r o t a v ir u s ,  we found 
no p o s it iv e  s y n e rg is t ic  e f f e c t s  by m ixing the a n t is e r a ,  but
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ra th e r  n e g a tiv e  synerg ism  between them. T h e re fo re , u n l ik e
the s i tu a t io n  w ith  a d e n o v iru s , our a n t ib o d ie s  r a is e d  a g a in s t
le s s  o r n o n - c r i t ic a l  s i t e s  on ro ta v ir u s  do not enhance the
n e u t r a l iz a t io n  found w ith  aV P7 .2 . aV P IO , and aV P 6  to  a
le s s e r  e x te n t , appeared  to  b lock  n e u t r a l iz a t io n  caused  by
aV P7 .2 , p o s s ib ly  by s t e r i c  h lnderance  o f a n t ib o d y  a tta ch m en t
o r because these  a n t ib o d ie s  p reven t co n fo rm atio n a l changes
induced by aV P7 .2 , w hich  a re  needed fo r  n e u t r a l i z a t io n ,  from
tak in g  p la c e . B lo ck in g  e f f e c t s  o f t h is  n a tu re  w ould  o b v io u s ly
be a v e ry  im portant a d a p ta t io n  o f a v ir u s  fo r  e va d in g  th e
se ve re  e f f e c t s  o f immune responses in v iv o , and e n a b lin g  the
cyffe-
v l r u s  to  p e r s is t  in the h o s t . Lym phcçhorio m e n in g it is  (LCM) 
v i r u s ,  which causes p e r s is t e n t  in fe c t io n ,  is  known to  induce 
b lo ck in g  a n t ib o d ie s  (M im s, 1977).
5. Comparison w ith  o th e r  w o rk .
The id e n t i f ic a t io n  o f th e  ro ta v ir u s  n e u t r a l i z a t io n - s p e c i f ic  
a n t ig e n  is  o b v io u s ly  o f m ajor im portance f o r  s e r o lo g ic a l  
a n a ly s is  and fo r  v a c c in e  p ro d u c tio n . A v e ry  s im i l a r  
s tu dy  to  ours was done by Basta rdo  e t  a l . (1981) w ith  
"m o n o s p e c if ic "  a n t is e r a  p repared  in ra b b its  a g a in s t  SA-11 
r o ta v ir u s  p o ly p e p t id e s . T h is  group d id  not r e s o lv e  VP7.1 
and V P7 .2 . T h e ir  p26 and gp25 presumably co rresp o n d  to  
our VP10 and VP IO c (D y a ll- S m lth  and Holmes, 1981) and 
th ese  were both found in  v i r u s  p a r t ic le s  and in je c t e d  
s e p a r a t e ly .  N e u t r a l iz a t io n  experim ents showed th a t  th re e
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of t h e ir  a n t is e r a  n e u t ra liz e d  ro ta v ir u s  in f e c t i v i t y  - 
these were a V P 7 .1/7 .2 , aVPIO and aVP6 and o f these  on ly  
a V P 7 .1/7.2 had HI a c t i v i t y  and none were t y p e - s p e c if ic .
S in ce  the s p e c i f i c i t y  o f t h e ir  a n t is e r a  was not checked 
in any w ay, th e re  is  no ev id en ce  th a t t h e ir  sera  were 
indeed m o n o sp ec ific , but t h e ir  r e s u lt s  agree  g e n e ra lly  
w ith  o u rs . They d id  not sp e c ify  i f  t h e ir  a n t is e r a  were 
h e a t- trea te d  befo re  n e u t r a l iz a t io n  a ssa y s . No synergism  
was noted w ith  t h e i r  a n t is e r a  when a l l  were U£ed 
to g e th e r. In t e r e s t in g ly ,  a n t is e r a  ra ise d  a g a in s t non- 
reduced p ro te in s  were much more a c t iv e  than those a g a in s t 
reduced p o lyp e p tid e s . The po lyp ep tid es  we used fo r  in je c t io n  
were reduced - t h is  cou ld  have had an e f f e c t  on the 
n e u tra liz in g  t i t r e s  o f the  a n t is e r a .  Kaluza and P a u li (1980) 
stud ied  the e f f e c t  o f 2-m ercaptoethanol on Sem lik i Fo re s t 
v iru s  g ly c o p ro te in s  and found th a t the re d u c t ive  c le a vag e  o f 
d isu lp h id e  b ridges by t h is  agent changed the t e r t i a r y  
s t ru c tu re  of the g ly c o p ro te in s  and re su lte d  in the lo ss  of 
haem aggiutir^ng a c t i v i t y  and In f e c t i v i t y  o f the v i r u s .  Our 
an tiserum  ra ise d  a g a in s t  denatured and reduced VP7.2 had 
n e u tra liz in g  a c t i v i t y  but I t  would be In te re s t in g  to  see I f  
th is  was Increased  by us ing  unreduced po lyp ep tid es  as immunogen.
R ecen tly  m on ospec ific  an tiserum  has a ls o  been 
ra ise d  a g a in s t V P 7 .1/7.2 by Matsuno and Inouye (1 98 3 ). The 
an tig en  was prepared by m ild e r  d en a tu ra tio n  using urea and 
f r a c t io n a t io n  by I s o e le c t r i c  fo cu ss in g  in g ly c e ro l g ra d ie n ts .
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These a n t is e r a  n e u tra liz e d  in fe c t  i v i ty  and one o f the two 
p re p a ra t io n s  were t y p e - s p e c if ic .  Greenberg e t  a l . (1983a,b) 
have monoclonal a n t ib o d ie s  which p r e c ip i t a t e  VP3, VP6 and 
VP7 from in fe c te d  c e l l s .  <*VP3 and aVP7 both n e u tra liz e d  
in f e c t i v i t y  and o n ly  aVP3 was ty p e - s p e c if ic  so they have 
id e n t if ie d  a fo u r th  an tig en  in vo lved  in n e u t r a l iz a t io n .
A l l  the aVP3 a n t is e r a  had ty p e - s p e c if ic  HI a c t i v i t y .
Some monoclonal a n t ib o d ie s  a g a in s t  VP7 had n e u tra l iz in g  
and HI a c t i v i t y  and some had no HI a c t i v i t y .  As VP3 is  the 
haemagglutinin in reassortm ent experim ents (K a l ic a  e t a l . ,  
1983). the au th o rs  suggested th a t aVP7 cou ld  in h ib i t  
haemagglu t ¡n a t io n  by s t e r ic  h in derance  o f VP3.
The genes coding fo r  t y p e - s p e c if ic  n e u t ra l iz in g  an tig en s  
were determ ined by reassortm ent between tem perature- 
s e n s it iv e  c a l f  ro ta v ir u s  and human ro ta v ir u s  (K a lic a  <rt 
a l , 1 9 8 1 ) and o n ly  gene segment 9 (which is  p o s s ib ly  
segment 8 in c a l f  r o ta v ir u s )  was shown to  determ ine the 
t y p e - s p e c if ic  n e u t r a l iz a t io n - s p e c i f ic  a n t ig e n . Gene 8 o f 
c a l f  r o ta v ir u s  is  thought to  code fo r  the p re cu rso r v p r 7 .
The gene coding fo r  V/P6 determ ined the subgroup an tigen  
id e n t if ie d  by EL ISA  even though VP6 Is  an in n er sh e ll 
p o lyp e p tid e . Our aV/P6 a ls o  n e u t ra l iz e s  In f e c t i v i t y .  The 
reassortm ent experim ents d id  not a ss ig n  a s e ro lo g ic a l ro le  
encoded by the gene fo r  VP10 (segment 10), a ltho ugh  th is  
gene Is  the most v a r ia b le  In m o b ili t y  (D ya ll- Sm ith  and 
Holmes, 1981b) and was p re v io u s ly  thought to  be re la te d  
to  t y p e - s p e c i f ic i t y .  T h is  reassortm ent data con firm  our
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o b se rva t io n s  th a t VP7.2  is  the most im portant an tig en  
in vo lved  in n e u t r a l iz a t io n .  As mentioned above, haem- 
a g g lu t in a t io n  has been ass igned  to  gene segment k - i . e .
VP3 - (Kal ica  ejt a l_ . , 1983) * by reasso rtm en t.
6 . Comparison to  re o v iru s
More than one a n tig e n  a sso c ia te d  w ith  n e u t r a l iz a t io n
has a ls o  been observed in re o v iru s  in experim ents using 
monoclonal a n t ib o d ie s  (Hayes e_t a ]_ ., 1981), a lthough 
reassortm ent experim ents had o n ly  shown the gene fo r  ol 
to  encode a t y p e - s p e c if ic ,  n e u t r a l iz a t io n - s p e c i f ic  a n t ig e n  
(W e iner and F ie ld s ,  1977). Monoclonal a n t ib o d ie s  a g a in s t  
ol, the m ajor o u te r s h e ll p o lyp ep tid e  o3 and the core  
p ro te in  A2 a l l  n e u tra liz e d  in f e c t i v i t y  (Hayes e t  a l . ,
1981), a lthough o l was the most t y p e - s p e c if ic .  The 
au tho rs  concluded th a t  the inn er sh e ll po lyp ep tid e  A2 
pro trudes through the  o u te r s h e l 1 onto the su rfa ce  o f 
the v i r u s .  A l l  a n t is e r a  which n e u tra liz e d  in f e c t i v i t y  
a ls o  aggregated re o v iru s  p a r t ic le s .  X2 is  analogous to 
the ro ta v iru s  p o lyp ep tid e  VP10 which was thought to  be a 
m inor o u te r  sh e ll p o lyp e p tid e , as I t  appears to  be absent 
in s in g le  sh e lle d  p a r t ic le s  an a lysed  by PAGE, but s in g le  
sh e lle d  p a r t ic le s  and EOTA tre a te d  v iru s  a re  a g g lu t in a te d  
by aVPIO . Thus i t  is  l i k e l y  th a t  VP10 Is  p resen t In both 
inner and o u te r  s h e l ls  and I t  cou ld  be p a r t i a l l y  removed o r  
c le a ve d  by EDTA o r o th e r  mechanisms fo r  removing the o u te r  
s h e l l .  A l t e r n a t iv e l y ,  th is  an tiserum  may c ro s s- re a c t  w ith  
ano ther ro ta v ir u s  p o lyp ep tid e  Invo lved  In n e u t r a l iz a t io n ,
-  332
as we have no independent c r i t e r io n  to decide  i f  aVPIO is  
m onospec ific , as i t  d id  not p r e c ip i t a t e  any p o lyp ep tid es . 
However, th is  makes i t  u n l ik e ly  to  have an tib ody to 
p ro te in s  which we know a re  p r e c ip i t a t e d .  The a n t is e ra  
described  by Basta rdo  e t  aj_. (1981) a g a in s t VP10 and VPIO c 
aggregated com plete p a r t i c le s ,  but on ly  a n t is e r a  a g a in s t 
non-reduced p o lyp ep tid es  d id  so and aVPIO was more e f f e c t i v e  
than an tiserum  a g a in s t  V P IO c, our s t ru c tu ra l p ro te in . 
U n fo r tu n a te ly , Bas ta rd o  £ t  a]_. (1981) did not te s t  fo r  
aggregation  o f  s in g le  sh e lle d  p a r t i c l e s .
VP7.2 is  analagous to  a l , the main n e u t r a l iz a t io n - s p e c i f ic  
an tigen  o f r e o v iru s ,  as they a re  both minor o u te r sh e ll 
components and among the sm a lle r o f  the v ir u s  p o lyp e p tid e s . 
However, ol is  a p rim ary gene p roduct and is  not g ly c o ­
sy la te d  (McDowell e t  a l_ . , 1972). o l is a ls o  re sp o n s ib le  f o r  
binding to  c e l l  re cep to rs  and fo r  HA. Evidence has been 
presented in th is  th e s is  (s e c t io n  6 . 6 ) th a t a po lyp ep tid e  
m ig ra ting  in the reg ion  o f VP7.2 b in d s  to  c e l l s ,  and 
Matsuno and Inouye (1983) have a ls o  found th a t oV P7 .1/7.2 
in h ib its  v iru s  from b ind ing  to  c e l 1s .  Bastardo  ¿ t  al.
(1981) have shown th a t  I t  Is  In vo lv e d  in haem agglu t(nation  
although Greenberg ¿ t  aj_. (1983b) found a V P 3 A .2  Is  a ls o  
In vo lved . Reo virus o l has a ls o  been Im p lica ted  in s p e c ify in g  
t is su e  trop ism  v iru le n c e  and the e x te n t o f a s s o c ia t io n  w ith  
m icro tubu les (W einer e t  a l . ,  1977; Bab lss  e t  a l . ,  1979) as
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w e ll as be ing  re sp o n s ib le  fo r  developm ent o f de layed  
h y p e r s e n s i t iv i t y  and the g en e ra tio n  o f  c y to to x ic  T 
lym phocytes and suppressor T c e l l s  (W e in e r £ t a l_ ., 1980; 
F inberg  e_t , 1979; Fontana and W e in e r (1980 ).
S im ila r  experim ents would be d i f f i c u l t  to  do w ith  ro ta ­
v iru s e s ,  a s  the g e n e tic  approach employed in the re o v iru s  
experim ents cou ld  not d i r e c t ly  im p lic a te  ro ta v ir u s  VP7.2 
o r in f a c t  any ro ta v iu rs  o u te r sh e ll p o ly p e p t id e , as none 
a re  p rim ary  gene p ro d u cts .
Fu rth e r  s tu d ie s  on the s t ru c tu re  o f V P7 .1/VP7 .2  and 
VP10/VP10c a r e  a ls o  hampered by p ro cess in g  in vo lved  in 
t h e i r  p roduct ion,and techn iques fo r  is o la t io n  o f these  
p ro te in s  in t h e ir  n a tu ra l s ta te  have n o t  been e s ta b l is h e d . 
The c lo n in g  o f genome segments encoding fo r  these  p ro te in s  
is  under way (McCrae and McCorquodale, 1982). I t  has not 
y e t  been e s ta b lis h e d  w hether the segments th a t have been 
cloned  a re  f u l l  leng th  In s e r ts .  I t  a ls o  remains to  be seen 
I f  they a re  expressed in E . c o l I , o r i f  they become p ro p e r ly  
andcom p la te ly  m o d ified . The c lo n in g  w i l l  p ro v id e  prim ary 
sequence d a ta ,  and the p o s s ib i l i t y  th a t  the c loned  gene 
products co u ld  serve  as a p o te n t ia l v a c c in e  w i l l  c e r t a in l y  
be In v e s t ig a te d .
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C o n c l u d i n g  r e m a r k s
The Id e n t i f ic a t io n  o f ro ta v ir u s  p ro te in s  which a re  
im portant in e l i c i t i n g  n e u t r a l iz a t io n - s p e c i f ic  a n t ib o d ie s  
in the p re v io u s  ch ap te r was preceded by ex ten s ive  
c h a r a c te r is a t io n  o f ro ta v iru s  po lyp ep tid es  by biochem ical 
and s e ro lo g ic a l methods, and some im portant co n c lu s io n s  
were made in these  e a r l i e r  ch a p te rs . The p re lim in a ry  
c h a ra c te r is a t io n  o f  ro ta v iru s  mRNA a ls o  y ie ld e d  some 
u se fu l in fo rm atio n  on the mechanism o f ro ta v iru s  t r a n s c r ip t io n  
and t r a n s la t io n .
C h a ra c te r is a t io n  o f the ro ta v ir u s  prim ary gene products 
made by in  v i t r o  t r a n s c r ip t io n  and by in v i t r o  t r a n s la t io n  
provided th e  b a s is  fo r  In v e s t ig a t in g  the ex ten s ive  
p o s t- t ra n s la t io n a l p rocessing  in vo lved  in the production  o f 
s t ru c tu ra l p ro te in s .  The enzymes necessary  fo r  t ra n s c r ip t io n  
and fo r  p o s t- t ra n s c r ip t io n a l m o d if ic a t io n  o f ro ta v iru s  RNA 
were seen to  be co n ta in ed  in the v iru s  p a r t ic le  s in ce  f u l l y  
fu n c t io n a l mRNA's could be produced In v i t r o . The mRNA Is  
t ra n s c r ib e d  w ith  g re a t  e f f ic ie n c y  and resembles re o v lru s  
mRNA as I t  is  segmented, and Is  capped and m ethylated  a t  
the 5 ' ends but is  not 3 ' p o lyad en y ia ted . The mRNA sp ec ies  
were a ls o  t r a n s la te d  ve ry  e f f i c i e n t l y  In v i t r o  - most were 
com p lete ly  t r a n s la te d  In to  f u l l  leng th  p ro te in s  and o n ly  
one p o s s ib le  product o f prem ature te rm in a tio n  o r a second 
reading fram e was Id e n t i f ie d .  The h ig her m o lecu la r w eight
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mRNA's were t ra n s la te d  le s s  e f f i c i e n t l y  in v i t r o  than In v iv o .
When p rim ary  gene p roducts were compared to v iru s - s p e c if ie d  
p ro te in s  from in fe c te d  c e l l s  and to  ro ta v ir u s  s t ru c tu ra l 
p ro te in s , i t  was seen th a t  8 o f the  1 1  s t ru c tu ra l p ro te in s  a re  
the p roducts  o f e x te n s iv e  p o s t- t ra n s la t io n a l m o d ific a t io n  
in c lu d in g  g ly c o s y la t io n ,  n a tu ra l c le a vag e  and tryps in - in d u ced  
c le a va g e . T h is  r e s u lt  was unexpected s in ce  a l l  but one o f the 
re o v iru s  s t ru c tu ra l p ro te in s  a re  prim ary gene p roducts . The 
ro ta v ir u s  p ro te in s ,  VP7.1 and VP7 .2 , a re  formed by g ly c o s y la t io n  
o f vpr7  to  VP7 and c le a vag e  o f VP7, and VPIOc is  formed by 
g ly c o s y la t io n  o f VP12 to VP10 and subsequent trimming o f  VP10. 
These s tep s take  p la ce  during  v ir u s  r e p l ic a t io n  in in fe c te d  
c e l l s .  The v ir u s  p a r t ic le s  produced in in fe c te d  c e i l s  a re  not 
in fe c t io u s  u n less  an e x te rn a l source o f t r y p s in  is  p resen t.
The t r y p s in  c le a v e s  VP3 to VPi|.2 and VPi».3 In  the v iru s  
p a r t i c le  and t h is  step  enhances the  v ir u s  i n f e c t i v i t y .  Some 
o f VP2 is  a ls o  c le a ve d  by t ry p s in  to  produce V P 3 * ,1»* and VP5*.
Host o f the  p ro te in s  which become m od ified  a re  exposed on 
the o u te r  su rfa c e  o f the v ir u s  p a r t i c le  and have im portant 
s e ro lo g ic a l fu n c t io n s . The Inner s h a ll p ro te in s ,  which a re  
suspected to  have the enzyme a c t i v i t i e s  such a s  t r a n s c r ip t io n  
and capping m é th y la tio n  o f the t r a n s c r ip t s ,  a r e  m ostly 
prim ary gene products and a re  group-spec I f I c  (o r  subgroup- 
s p e c i f ic )  a n t ig e n s . In in fe c te d  c e i l s ,  VP3, VP4 .2  and VP7/7.1, 
which a re  d es t in ed  fo r  the o u te r s h e l l ,  appear to  have type- 
s p e c i f ic  p ro p e r t ie s  in cross-immune p r e c ip i t a t io n .
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Using m on ospec ific  a n t is e r a  ra ise d  a g a in s t  each o f the 
s t ru c tu ra l p o ly p e p t id e s , the re la t io n s h ip s  between po lyp ep tid es 
were confirm ed - f o r  example VP7, VP7 .1 , VP7.2 and vpr7 were 
a l l  p r e c ip ita te d  by aVP7.1 o r  aVP7 .2 , and VP2 was p re c ip ita te d  
by OVP3*,1»*. Most o f  the  ro ta v iru s  p o lyp ep tid es  were seen to  
be co n fin ed  to  the  p e r in u c le a r  cytop lasm  in in fe c te d  c e l l s  by 
in d ir e c t  im m unofluorescent s ta in in g , a lthough aVP6  showed up 
some f lu o re s c e n t  spo ts in the n u c leu s . None o f  th e  ro ta v iru s  
p o lyp ep tid es  appeared to  be a sso c ia te d  w ith  the plasma membrane 
a t  any stag e .
The m onospecific  a n t is e r a  a ls o  provided  some in form ation  
about the lo c a t io n  o f the ro ta v iru s  p o lyp ep tid es  in  the v iru s  
p a r t i c le .  In immunoelectron m icroscopy aVP7.1 and aVP7.2 
a g g lu t in a te d  double s h e lle d  p a r t ic le s ,  suggesting  th a t  these 
two po lyp ep tid es  a re  exposed on the o u te r s u rfa c e  o f  the v iru s  
p a r t i c le s .  B in d in g  o f aVP7.1 and «VP7.2  to  fo rm a lin  f ix e d  
double s h e lle d  p a r t i c le s  confirm ed t h is .  Some aVP6  a ls o  bound 
to  double sh e lle d  p a r t i c le s  a lthough VP6  is  s a id  to  be a n 'In n e r  
s h e ll p ro te in . The f a c t  th a t  aVP6  can n e u t r a l iz e  ro ta v ir u s  
in f e c t i v i t y  a ls o  suggests th a t a t  le a s t  p a r t  o f  VP6  is  exposed 
on the v i r u s '  o u te r  s h e ll s u rfa c e . aVPIO  a g g lu t in a te d  s in g le  
s h e lle d  but not double s h e lle d  p a r t ic le s  (a lth o u g h  some double 
s h e lle d  p a r t ic le s  were seen a t  tha edges o f the c lu m p s). VP10 
is  sa id  to  be an o u te r  s h e ll p ro te in  and oVPIO n e u t r a l iz e s  
in f e c t i v i t y ,  so we conclude  th a t p a r t  o f VP10 Is  a ls o  found 
on the Inner sh e ll o f  the  v iru s  p a r t ic le .
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aV P7 .2 , aVPIO  and aVP6 a l l  n e u tra liz e d  r o ta v ir u s  in f e c t i v i t y .  
aVP6 was In e f f i c i e n t  as I t  o n ly  n e u tra liz e d  50* o f th e  v iru s  
In f e c t l v i t y ,  w h ile  aVPIO  and aVP7 .2  n e u tra liz e d  80-90* and 99* 
o f ro ta v iru s  I n f e c t i v i t y  r e s p e c t iv e ly .  G en e tic  experim ents had 
shown th a t the gene cod ing  fo r  VP7.2 was re sp o n s ib le  fo r  
ty p e - s p e c if ic  n e u tra l Iz a t  Ion (Kal lea e t  a l_ ., 1981). Our 
experim ents a ls o  d i f f e r e n t ia t e  between the n e u t r a l iz a t io n -  
s p e c i f ic  p ro p e r t ie s  o f  VP7 .2  and VP7.1 as aVP7.1 d id  not 
n e u t ra liz e  a lthough  I t  p r e c ip it a te d  the same p o lyp ep tid es  as 
aVP7.2 and bound In g r e a te r  q u a n t ity  to  v ir u s  p a r t i c le s  than 
aVP7.2 . The p rev io u s  g e n e t ic  experim ents d id  not im p lic a te  
VP10 in t y p e - s p e c if ic  n e u t r a l iz a t io n ,  a lthough aVPIO c le a r ly  
n e u tra liz e s  ro ta v iru s  In f e c t l v i t y  q u ite  e f f i c i e n t l y  in  our 
experim ents. I t  seems, th e re fo re ,  th a t n e u t r a l iz a t io n  is  not 
a sim ple one p ro te in /o n e  an tib o d y  e ve n t, but th a t I t  can  occur 
through an tibody b ind ing  to  se ve ra l d i f f e r e n t  p ro te in s .
-  338 -
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